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JOURNAL OF PHYSIOLOGY. 


SOME FURTHER OBSERVATIONS ON HEAT-DYSPNGA. 
By CHRISTIAN SIHLER, M.D., Assistant in the Biological 
Laboratory, Johns Hopkins University, Baltimore, Md., U.S.A, we 


In an article published in Vol. II., No. 8, of this J ournal, on so-called 
heat-dyspneea, I showed that the increase in the number of respirations 
which an animal presents when exposed to a warm atmosphere, and 


while its temperature went up, was principally due to~ peripheral 


influences ; but I further stated that the heated blood might also act 
directly on the centres in the medulla, though, if so, producing cae : 
effect than the peripheral stimuli. 

In the following short communication, I propose to give further 
support to the first statement, and discuss the second as well as another 
which I touched in the published essay, namely, the action on the 
medulla of higher temperatures than those used 1 in my former investi- 
gations. 

I feel the more inclined to add further proofs to support the con- 
clusions which I reached, as views contradictory to them and based on 
Goldstein’s experiments, which I have shown to be imperfect and 
inconclusive, are taught in several text books of Physiology, and 
are gaining ground in the medical profession. 

Foster says, on page 377, 3rd Edition: “ If the blood in the 
carotid artery in an animal be warmed above the normal, dyspnea 
is at once produced. oe over-warm blood hurries on the activity 
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2 C. SIHLER. 


of the nerve cells of the respiratory centre, so that the normal supply 
is insufficient for their needs. The condition of the blood then affects 


' respiration by acting directly on the respiratory centre itself.” 


Fick says, on page 266 of his Physiology, 2nd Edition : “If an 
animal is artificially heated several degrees above its normal tempera- 
ture, the respirations become deeper and very much more frequent, even . 
if the quality of the blood is in nowise changed ; yes, even when by ener- 
getic artificial. inflations arterialisation of the blood is insured ; indeed, 
it is quite impossible in an animal thus super-heated to produce the state 


of apnea. That reflex influences do not come into play here—e.g., from 


the heated skin—can easily be proven by the following experiment. 
By application of the proper apparatus one can succeed in heating 
nothing but the blood flowing in the carotid arteries. As soon as that 
takes place the frequency of the respirations rises just in the same way 
as if the whole animal had been heated. From that one must conclude, 
that it is the increase of the temperature in the respiratory centre itself 
which increases the irritability, and at the same time diminishes. the 
resistance, so that the exciting agent produces in the same unit of time 
deeper and more frequent respirations.” 

In an article on Progressive Pernicious nee, by Herbert 
Jones, published in the Practitioner, February, 1880, we read this: 
“ Heat is also a stimulant to the respiratory centre in the medulla 
oblongata, by which the movements of respiration are regulated, and 
as Fick and Goldstein have shown, when warm blood is supplied 

to this centre the respiratory movements become quicker and deeper 
a marked dyspnea takes place, although the blood which is circu- 
lating in the rest of the body still retairs its normal temperature.” 


I let Exp. 1, see Table L, eae the remarks which I wish next to 
make. The observation it records, like the rest of my experiments, was 
carried out on a dog, ‘The temperatures, during my observation, were ~ 
taken in the rectum or vagina. 

I had varions reasons for undertaking this experiment. In the former 


- investigation I had found that one animal might breathe 200 to 300 times a 


minute without its temperature going up, and vice versd, the temperature 
of another animal might go up several degrees while the respirations. 
went up from 26 to 62 per minute only, the cord in the latter. being 
divided in the lower cervical region. 
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Table I. 


No. of observation 
Temp. to which 
is exposed. 
Temperature of 
animal. 


WEDNESDAY. 

1 | 10.05 | 24 | 38:9 | 28 _Tracheotomized. 

2 -40 | 41 | Head only in apparatus, rating warm air 
tube. 

8 48 | 44| 889 | 86 

4 53 |.42 | 88°9 | 120 

5.| 58] 44] 889 | 182 | 

6 | 11.05 | 447) 389 200 

10 | 46 | 389 204 

8 17 | 48 | 389 268 

9 20 | 48 | 39:1 | 280 | Panting. 

10 29 | 49 | 39°1 | 280 

il 35: 89°1 Artificial respiration for 2 minutes with cool 
| noea for minute ; shallow respira- 
: ia or 1 minute ; out of apparatus. 

18; 45] | | Artif. resp. for2 min. ; no apnea, 

16 42 389 | 30] | 

17 44 : | Artificial respiration ; apnoea of 14 minute. 

18 1.00 | 89 36° | 

19| 1.01 Placed in apparatus ; head free. 


22} 88} 39 | Artif. for 2 minutes ; no 0 apnoea. 
24|. 25 | | 310 ‘Panting. 


25 30; | Artif. respiration for 2 minutes ; no. apnea. 
Taken out of apparatus. 

27 34 39°3 | 280 

3.15 Cord ent. 


29 | 4.27 50 |.87°6 | 18 head and arms free. 


Artif. respiration ; apnoea of over 1 
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Temperature of 
animal. 
Respirations per 
minute. 


No. of observation. 
| Temp. to which 
is exposed. 


WEDNESDAY. 


6.23 | 60 | 39°5 Artificial respiration ; apnoea of minute. 
37 86 | 60 | 39°7 | 24 
38 46 | 60 | 40 21 


| 39 58 . 40°1 Artif. resp. for 2 min. ; apnoea over 1 min. — 
| ‘THURSDAY. 
‘| | 40 | 9.20 37 Artif resp. of 2 min. ; apnoea of 14 min. 


41 25 | 60 | 37 19 | Placed in apparatus. 
i 42 | 10.80 | 63| 40°8| 26 


| 43 35 _ | Artificial respiration ; apnoea of } minute. 
44} 88. 55| 414) 40 
48 Artificial respiration ; of minute. 


46 47 | 42 | 100 | Begins to pant. 
| 47| 49] 42°5/| 156 
«48 55 | 49 | 42°5 Artificial respiration ; no apnoee. 


| These facts being brought out on different animals, one object 
| here was to try one and the same animal. That is, to take account 
| of increased temperature, if there was any, and increased number of 
| respirations before the cord was cut and after the cord was cut in 
! the same dog. It will be seon that the present results agree with — 
| the former conclusions. The same dog is made to breathe 240 times 
a minute (Obs. 21) while having a temperature of 39 (38°9 had been 
| the temperature of the dog when the experiment began). When 

we look, however, for the respiratory rate at the temperature of 39, 
| after the dog’s cord had been divided, we find it (Obs. 34) 22. And 

if the objection were to be made that the dog was unable to breathe 
| rapidly on account of the section of the cord, by looking towards the 
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end of the table it will be found that this is not the ems for the dog 
can make as many as 156 respirations in a minute. 

We see, then, that in the same dog, when exposed to warm air acting 
on a large surface, connected by afferent nerve paths with the medulla, 
the respirations may go up enormously without the animal’s temperature 
rising ; and, on the other hand, the respirations may go up less than 
25 per cent., while the temperature increases over one degree Celsius ; 
in this latter case the greater part of the skin being thrown out of 
nervous contiection with the medulla by previous section of the cord. 
It will further be observed, by glancing over the table, that artificial 
respiration was carried on several times. Some of these produced 
apnoea, others did not. At 12.44 (Obs. 17), while the animal was at 
389°, and not in the warming apparatus, apnoea of 14 min. was pro- 
duced. At 1.15 (Obs. 22), while the animal was at 39°, i.¢., only 0°1° 
higher than before (practically not higher at all), the same amount of 
inflation was not successful, That the 0°1° of temperature was not the 
cause for this condition is shown further on. When the cord had been cut 
apnoea was successfully produced, although the temperature of the animal 
had risen not 0°1°, but 1°1°.. Again, when finally (Obs. 47) the tempera- 
ture had reached 42°5, and the respirations 156, the efforts at producing 
apnoea were again fruitless. It is clear from this that it is not the 
temperature of the blood per se which makes apnoea impossible. We see 
apnoea may be possible both at normal and at elevated temperatures ; it 
may also be impossible both at normal and at elevated temperatures; the 
reason of the difference being that the dog cannot be made apneic if he 
pants vigorously, Of course there is a limit when artificial respiration will 
at times be successful and at times not : just when the respiration begins to 
grow rapid and take on the character of panting, as is shown in Table IT., 
when the dog had the head only in the apparatus. Here, then, we have 
another support for our conclusions. In the last paper it was shown 
that it was not the heat acting on the centres which produces this con- 
dition of the animal, in which it cannot be made apneic. The present — 
observations show the other side of the same fact, and make it evident 
that peripheral influences, due to exposure of the skin only, may be so 
strong that they do not allow the centre to come to rest, although there 
is no venosity of the blood to act as a stimulus, nor has the -animal’s 
temperature risen more than a degree. 

__ In the third place, it will be seen (Obs. 46—48, Table I.), that the 
dog did commence to pant—with the cord venice he had reached a 
temperature of 42. 
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6 STHLER. 


‘Let me recall now one of the conclusions of my previously-published 
paper: “The increased respirations . due to two: causes;'skin 
stimulation’ and warmed™ blood.’’ A somewhat closer consideration 
makes it evident that the experiments there given were ‘not sufficient to 
show that the warmed. blood has‘any direct central. effect’: for although 
by section of the cord in the lower cervical region a large part of ‘the 
skin was thrown out, yet’ the fore: limbs; neck; and sensitive head, 
mouth, and tongue in connection vith the medulla ; dnd 
althdugh in the experiment ‘the direct action of the heated air from 


_ without was prevented by keeping the animal’s head, &.; out of the 


warm chest, yet this did not: preclude the heating of the nerves of the 
skin of those parts from within by means of the blood which had wad 
heated in the other parts-of the body flowing into them. 

To show how sensitive: the mucous membrane of the mouth and 


is, add Exp. 2, Table II. 


“Table IL. 
_ December 8rd, 1879. 
e. 
ey |” | 
1 | 7.58 | 42 89° 26 
2 Head and fore-feet placed in 
| apparatus. — 
8 | 8.01 | 40 | 389 | 40 as 
4 06 | 40 | 89 52 
5 08 | 40 | 392 | 90 
6 09 | 40 | 391 | 159 : 
7 12 | 40 | 391 | 66 | Nose free. | 
8 15 | 389 | 89 92 | Nose back in oven. 
9 16 | 40°} 891 | 160 |° | 
10 18 |. 40 | 89:1 | Dog pants. 


In this experiment it was the aim to have the surrounding air which 
the animal took into its mouth not very hot, not warmer than the blood 
was when the dog began to pant in the experiment above referred to. 
The experiment shows that exposure of a small part of the body, mouth, 
neck, and fore limbs, to this not very high temperature is sufficient to 
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produce quickened breathing and even panting, although the animal’s 
temperature is not raised. Human experience agrees with this ; if in 
the effort of getting into perspiration by means of a hot-air bath one 
keeps the head under the sheet and thus breathes air of about the body 
temperature one finds the respirations similarly increase in frequency. 

In the former paper it was shown, that the temperatures there 
employed'(41°3) did not produce the panting when the cord had been 
cut, and it was left for further investigation whether higher blood tem- 
peratures might produce such an effect by action on the centres directly. 
The setting in of panting in Exp. 1 when the dog had reached the — 
temperature of over 42 might be adduced to support the view, that the 
heat in conditions like the above acts centrally, the having been 
cut. But the foregoing remarks show that such a conclusidn would not 
be justified, as the peripheral influences from mouth and head are not 
excluded ; nor were those from the lung nerves. I cannot see how to 
throw out these peripheral influences altogether, and the question, 
possibly, must remain an open one, although there cannot be adduced 
any fact showing a direct action of heat on the centres. 

A third experiment, see Table III., however, was devised in which 
peripheral influences were eliminated as much as possible. 


Table II. 


January 9, 1880. 
ame alH| 
| 
eel é 
1 | 10.80 36°7 Cord and pneumogastrics are cut. 
2| 11.40 | 14| 32 7 
8 | 12.48 | 13 | 80 6 
4| 12.52 | 40| 30 6 | Placed in apparatus; head and fore limbs 
5| 1.85 | 57 | 81 6. 
6| 2.58 | 50] 84 9 | 
7| 38.08 | 50.| 86 9 
810] 58| 87 | 10 
9| 3.24 | 60} 88 10 | Ice in cloths placed around head. 
10} 8.29] 60| 385| 9 


A 

a 
3 


11 $8.45 | 65 | 389 | 1 

12 4:14 | 67 | 40 8 

13 17 | 67 | 405 | 10 

14 24 63) 41 13 

15 30 | 60 | 41°3 | 12 Artificial respiration necessary. 

16 31 Respiration shallow and weak. 

17 33 | 59 Artificial respiration necessary. 

18 34 41-4 | 12 | Artificial respiration necessary. 

19 36 | 59° Respirations shallow. — 

20 40 41°7 | 12 | Museles twitching. 

21 45 18 

22 49.| 53 | 42 20 | Efforts at caine rather than respira- 
tions. 

28 50 42 16 

24 5d 42 | Artificial ee | 

25 | 57) 58 | 42 Dog died. 


Table III. then shows that when cord and pneumogastrics are cut 
the increase in the number of respirations is very low indeed. This 
certainly does not look as if the hot blood had the power to directly 
diminish resistance and increase the irritability of the respiratory centre. 
It is not without interest to observe how the panting can be produced if 
the cord is cut and the pneumogastrics preserved—in that case, however, 
the temperature must be raised considerably—and how it can likewise 
be produced when the pneumogastrics are cut and the cord left intact, 
in that case the temperature need hardly be raised at all. But when 
both cord and pneumogastrics are cut panting is not seen, excepting 
under certain artificial conditions. 

The next question, then, would be how much is due to the peripheral 
stimulation of the vagus-endings in the lungs by the increased tem- 


perature, and do they act just like the nerves of the skin? Are they 
sensitive to warmth ? 


Exp. 4, Table IV., may help to answer this question. 
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Table IV. 


‘Temp. in 
apparatus. 


34 


March 4th, 1880. 


The temp, in this exp. from No. 9 onwards 
refers to the heated air in the can. The 
evening was very warm and close. 


Cord cut. 


Dog’s trachea-tube connected with a large tin 
“Om. water at elevated temp. and Ba. 


Placed in warm apparatus. 


Pneumogastrics cut. 


March 5th. 
Placed in apparatus. 


Artificial respirations for two minutes, 


4 

S| t 70 | 4 

4 |} 8.00 39°2 | 184 
15 

6 23 88°8 | 50 

28 38°8 | 47 

9 55148] 3841] 386 

10 | 9.05 | 50| 384} 32 

11 28 | 53} 383] 29 4 

12 88 | 53 | | 28 

as 

14 10.06 | 59 | 82 

15 12 | 61| 52 q 
16 15 | 58 | 39:5 | 60 

17 20 | 60 | 39°9 | 90 | 4 
18 25 40°4 | 160 4 
19 28 | 60| 405 |176 | 4 
20 32 | 60 | 40°9 | 232 . 

22 45 | 41 
238 | 9.08 | 52) 35 16 4 

24 37 | 68 | 37 14 

25 48|54| 88 | 18 4 
26 | 10.01 | 55 | 89:2 | 19 
27 06 | 49 | 40 20 
23 20 | 60 | 41 

29 30 | 51 41 14 : 

30 40150! 41°83} 10 4 

81 2 | 4 

32 55 | 50 | 42°5 | 52 3 

83 | 11.00 | 51! 42°6| 52 4 

34 05 | 52 | 43°21 386 q 

| 35 15 43°6 | 156 4 


10 OC. SLHLER. 


We can gather, then, from Table IV. that giving the animal warm 
and moist air to breathe did not seem to have any effect on the peripheral 
vagus fibres, the animal was not made to pant thus; and, again, cutting 
the nerves did not stop the panting after it had once been set up. The 
same observation was made on a dog in which the cord was intact, the 


animal breathing hot air. The respirations were not permanently 


diminished by cutting the vagi. 
But why did the dog not pant the next day after reaching a 
temperature of 41? Or why not in Table III.? 

I may add here that the dog would not have reached before dying 
the high temperatures which it did in Table IV. if artificial respiration 
had not assisted him ; and, farther, the observation has repeatedly been 
made, that the respirations go up in frequency during artificial respiration 
and remains high a little time afterwards. 

Regarding the depth of the respirations, I cannot support the state- 
ment that they grow deeper. ‘Tracings which I have taken show that 
they grow more shallow, as it also appears to ordinary observation. 
Accidentally I found out, I think, how Fick’s statements, that they 
grow deeper, came to be made. In an experiment which I made the 
board on which the dog rested got a little too hot accidentally, and then 
the respiratory movements grew deeper. As soon as the animal was 
protected from pain they went back to their normal character, showing 
more limited excursions than the respiration at the normal temperature. 
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ON THE ANTAGONISM OF POISONS. By JN. LANGLEY, 
M.A, Fellow of Trinity College, Cambridge. 


oe: From the Physiological Laboratory, Cambridge. ) 


On several former odekiiéns? I have, like many others, supported the - 


theory of the mutual antagonistic action of certain poisons. - This theory 
Rossbach has lately? attacked, adhering in the main to the views 
expressed by him eight years ago. In consequence of Rossbach’s 
statements, I have repeated, with some modifications, the experiments 
which seemed to me conclusive on the subject. A brief account of 
these I propose giving. 

Rossbach, it is well known, affirms that when a tissue has been 
paralysed by any one alkaloid it can neither be stimulated nor restored 
to its normal condition by any other alkaloid. In the sub-maxillary 
gland, for instance, when the chorda tympani uerve has been paralysed 
by atropin, no amount of physostigmin or pilocarpin can, according to 
him, make it again irritable. He holds that in glands there are two 
parts to be considered, a nervous and a glandular part, comparable to 
the end-plate and muscle-fibre of striated muscle; that small doses of 
alkaloids (atropin, pilocarpin, &c.) affect only the nervous part, that large 
doses of alkaloids affect the glandular part in addition. | 

He has, then, no difficulty in explaining the fact that a flow of saliva 
may be produced by physostigmin or pilocarpin after a dose of atropin, 
sufficient to paralyse the chorda tympani, has been given. The pilo- 
carpin, he says, stimulates the gland cells which the small dose of 
atropin has left unaffected. He finds, moreover; that when a larger 
dose of atropin is given no flow of saliva can be obtained by physos- 
tigmin ; in this case he considers the gland cell part has been paralysed 
as well as the nervous part. 

It will be noticed that a fundamental factor of Rossbach’s theory is 
the paralysis by atropin of the gland , cells. When atropin is given in 

* Journ. Anat, and Phys., Vol. x., p- 187, 1876; Vol. x1., p. 178, 1876; Journal of 


Physiology, Vol. 1., p.-340, 1878. 
* Pfliger’s Archiv, Bd. xxt., Hf. 1., p. 1, 1879. 


WW 
4 
a 
4 
te 
‘ a 
‘ 
4, 
¥ 
by 
tie 


J. N. LANGLEY. 


sufficient quantity to prevent physostigmin, injected into the gland 
substance, producing a secretion, then he considers the gland cells are 
paralysed. But there is another way of testing whether the gland cells 
are paralysed, viz., by stimulating the sympathetic nerve. Let us. 
compare the results of the two methods. 

_ Probably by a printer’s error, the amount of atropin which Rossbach 
finds is sufficient to prevent any effect being produced by physostigmin, 


is differently given in the text (p. 31) and in the account of his 


experiments (p. 34). In the seven experiments of which he gives a 
brief summary, the amount of atropin varies from 0°0043 to 0-00875 gr. 
per kilogram body weight, whilst in the text 0°01 to 0-03 gr. are said to 
be necessary. 

If we take the smaller numbers as correct, it is clear that jnd ged 
from the standpoint of the effect of stimulating the sympathetic the 
gland cells could not have been paralysed, for after injection of 0:008 
gr. atropin per kilog. body weight, the gland on stimulation of the sym- 


pathetic secretes almost, if not quite, as freely as before the injection. 


On Rossbach’s view, then, one would be driven to suppose that the 
atropin paralysed a part only of the gland cells, the part brought into 
action by stimulating the sympathetic being unaffected, or in other 
words, that atropin and physostigmin act on one part of the gland cells 
and the sympathetic on another. — | 

Even if we take the larger amount given as that actually used by 
Rossbach, we do not escape the same difficulty *, for, as far as I know, 
no one has yet observed in the dog a paralysis of the sympathetic on 
giving any dose whatever of atropin. 

There is then a preliminary difficulty in Rossbach’s theory, viz., 
either atropin does, contrary to the results of previous observers, paralyse ~ 
the sympathetic, or the gland ¢ells consist of different parts—one part 
being stimulated by physostigmin and paralysed by atropin, another, 
and a different part, being stimulated by the sympathetic nerve. _ 

But apart from this, there are certain facts which seem to me to 
prove directly that the alkaloids atropin and physostigmin, atropin and 
pilocarpin, atropin and muscarin, have a mutual antagonistic action. 

Some of these facts with regard to atropin and pilocarpin I have 


1 Since I found that the sympathetic in the cat could be paralysed by injecting atropin 
into a blood vessel, I have frequently attempted to paralyse similarly the sympathetic 
in the dog, but always without success. On general grounds I am, however, inclined to 
effc ct. 
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given in a former paper’. I then endeavoured to show that in 
the cat both the chorda tympani and sympathetic nerves, 
after being paralysed by atropin, could be again made 
irritable by pilocarpin, again paralysed by atropin, again 
made irritable by pilocarpin, and so on. Further, that 
the secretion caused by pilocarpin could be stopped by 
atropin; that a. secretion could be again produced by 
pilocarpin, and then stopped by atropin, and so on, with 
alternate secretion and stopping of the secretion, many 
times in an hour. 

, Here there are two: points to be considered—(a) the restoration to 
the nerves of their power to produce a secretion when stimulated ; 
(0) the production of a secretion by pilocarpin after atropin has fisen 

ven. 

. In making experiments on the sub-maxillary gland, I have in most 
cases injected the atropin into a blood vessel, and the pilocarpin into the 
duct? of the pint. One word as to the method. A cannula capable of 
holding about 3c. c. is placed in the duct, a piece of india-rubber tubing 
is connected with its free end. The pilocarpin is kept in a stoppered 
bottle in a chamber at about 40° C., sé that the pilocarpin may enter 
the gland at nearly the body Leaeeateines When it is requited to 
inject pilocarpin, the cannula is filled with a 1 to 4 p.c. solution by 
means of a fine pipette, and the solution forced into the gland either by 
using a syringe or by simply pinching the tubing with the fingers. 

When it is necessary to measure the rapidity of the flow of saliva 
the cannula is connected with a tube graduated in millimetres, and the 
number of millimetres which the saliva rises every twenty or thirty 
seconds noted. | 

When in an experiment so conducted sufficient atropin has been 
given to paralyse the chorda tympani, then each injection of pilocarpin 
into the duct is followed by a secretion which lasts several minutes. 

I will, for convenience, omit for the present the effect of the injection 
on the secretory power of the chorda tympani and sympathetic nerves, 
and confine myself to the second of the points (b) mentioned above. 

My interpretation of the result is, that there is a sufficient amount 


1 Journal of Physiology, Vol. 1., p. 365, 1878. 

_ 2 A low pressure is sufficient to inject a small quantity of fluid into the gland: oedema 
of the gland then occurs only after many times repeated injection. When a high pressure 
is required to inject fluid, the gland usually becomes edematous, even if the effect of the 
secretory nerves is not destroyed. 
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of atropin brought to the gland substance by the blood to paralyse a 
certain part of the secretory apparatus, either nerve-endings or gland 
substance (for brevity’s sake let us say the nerve-endings*) ; but that, 
when pilocarpin is injected into the gland by the duct, the quantity 
of pilocarpin in contact with the nerve-endings is relatively so large 
that it antagonizes the effect of the atropin, stimulates the parts pre- 
viously paralysed, and so causes a secretion. Very-soon, however, the 
amount of pilocarpin in the gland diminishes, part of it being carried 
out in the secretion, part of it being carried off by the blood vessels 
and lymphatics ; the secretion then diminishes. ‘When the pilocarpin 
becomes reduced to a certain amount, the atropin continually brought by 


the blood is able to get the upper hand, and paralyse again the gland. 


Thus I regard the pilocarpin at each injection as directly antago- 
nizing the atropin. 

On Rossbach’s view, the atropin brought by the blood pevalyses the 
nerve-endings only ; when pilocarpin is injected; the paralysed nerve- 
endings are unaffected, but a secretion is produced by the pilocarpin 
stimulating the gland cells. That this view is not correct will, I think, 
be made clear by the following consideration. Let ug for a moment 
grant with Rossbach that, after the chorda tympani is paralysed by 
atropin, pilocarpin can only produce a secretion’ by stimulating the 
gland cells. If, then, an additional dose of atropin stops this secretion, 
it appears to me it can only do so by acting also on the gland cells— 
i.e. by paralysing them. But when the gland cells are paralysed, 
pilocarpin can no longer, on Rossbach’s view, produce a secretion. 
Nevertheless, under such circumstances, a secretion can be — 


by injecting more pilocarpin. The cabin experiment will serve to 
illustrate this point :— 


Cat Ether and chloroform given throughout the experiment. Chorda 
ligatured and cut. Cannulain duct. Cannula in crural vein. 


_ 11,40, Stimulate chorda, Sec. coil == 8 — rapid flow of saliva. 
11.48, Injected 3 c. ¢,.0°1 p. ¢. atropin sulph, into crural vein. 
11.50, Stimulate ch. for 6 Sec. coil = 7. No secretion. 


I.—11.57. Inject cannula 4 p. c. at about 87° C. into 
- Flow of saliva, which lasts 4 min. 
12.2. Stimulate ch. for 60". No secretion. — 


Phe Wy the action of the the gland 
seem to me most simply explainable by supposing that they act on the nerve-endings only. 
The experiments I have as yet made to determine this point Gone, Rewever; enable me 
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II,—12.5. Inject. ilocarpin into duct. Connect cannula 
with a <n tube graduated in millimetres, and count 
the number of attire which the saliva rises each 20”. 


96 25 20 12 10 8 6 4 8 2°15 1. 


Flow of saliva lasts altogether about 7 min. 
12.13.30. Stimulate ch. No secretion. 


| ITI.—12.15. Inject # cannula pilocarpin. Count as before flow of saliva 
in millimetres every 20". — 


25. 

‘3. In the middle us of this 20° injected 2 mgs. atropin 
0. into crural vein. 


IV.—12.23. Inject ? cannula pilocarpin into duct. No.flow of saliva. 
12.25. Repeat injection. Slight flow of saliva. 
12.27.30. Repeat injection. Slow secretion, lasting 3 min. 10 sec. 
12.82. Stimulate chorda. No secretion. 


V.—12.34.30. Inject ? cannula pilocarpin. Slow flow of saliva, lasting 3 min. 
12.89.30. Stimulate chorda. No secretion. 


VI.—12.41. Inject 1 cannula pilocarpin. Count flow of saliva every 
| ; 20” as before. 


Flow lasts altogether 4 min. 
12.49. Stimulate chorda. No secretion. 


VII.—12.51. Inject 3 cannula pilocarpin. Count flow as before. 
8. 


By | 
3. In last 10” inject 1 mg. atropin into crural vein. 
| 0, 
12.56. Stimulate chorda. No secretion. 
VIII.—12.59. | Inject 1 cannula pilocarpin. Slight secretion. 


Repeat injection four times more, on each occasion a secre- 
tion, between each secretion chorda paralysed. 


In this experiment 3 mgs. of atropin are injected into a blood vessel, 
this paralyses the chorda tympani ; a little pilocarpin is injected into the 
gland, and a secretion results which lasts 4 minutes ; a second injection 
of pilocarpin produces a secretion lasting 6} minutes ; a third injection 
of pilocarpin produces a secretion beginning with about the same ra- 
pidity as the preceding, but stopped abruptly by injecting 2 mgs. atropin 
into the crural vein.. A comparison. of II. and III. will show that in 
III. but for the additional atropin the secretion would have continued . 
three to four minutes longer. Now, on Rossbach’s view, this secretion 
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' is the result of pilocarpin stimulating the gland cells ; since atropin stops 


the secretion it must have paralysed the gland cells, nevertheless sub- 
sequent injection of pilocarpin, though in rather larger quantity, again 
produces a secretion. 

A similar objection to Rossbach’s view lies in the fact that the 
more atropin is given the more pilocarpin must also be given to produce 
a flow of saliva; if only just enough atropin is given to paralyse the 
chorda, a small quantity of a weak solution of pilocarpin will cause a 
secretion ; the greater the amount of atropin, the stronger and more 
plentiful must the pilocarpin solution be. Since I know of no reason to 
suppose that atropin and pilocarpin can act directly each on the other 
and neutralize one another, after the manner of an acid and base, I infer 
that they both act on a third tissue, in proportion to their chemical 
affinity for the tissue and the quantity of each present, that is, that mey 
are mutually antagonistic. 

We may now take up the other point (a) mentioned above, viz., the 
restoration to the nerves of their power to “aici a secretion when 
stimulated. 

I would first expressly remark that when atropin has robbed the 
chorda tympani of its power of producing a secretion, pilocarpin is only 
able to restore this power to a limited extent. In other words, the 
irritability of the chorda is only partially restored by pilocarpin ; the 
normal irritability is then first recovered, when, in the lapse of time, both 
atropin and pilocarpin have been eliminated from the body. 

In Rossbach’s method of experimenting, the restoration of 
irritability to the chorda may easily escape notice ; he paralyses the 
nerve by injecting atropin into a blood vessel, then, by injecting physos- 
tigmin into the gland substance, obtains a flow. of saliva ; when this flow 
has ceased he stimulates the chorda and finds that the irritability is not 
restored, that the chorda is still paralysed. 

It is quite true that the stimulation of the chorda is without effect a 
very few minutes after the flow of saliva has ceased ; the nerve should 
be stimulated whilst the secretion is still going on, and the effect on the 
rate of flow noted. If not much more than the minimum dose of atropin 
necessary to paralyse the chorda be given, then the chorda is able to 
produce a secretion for a short time after the flow from pilocarpin has 
ceased ; as larger quantities of atropin are given, the return of irritability 
to the chorda is more and more limited to the time of the pilocarpin 


" flow. 


In the following experiment the rate of secretion in a given time was 
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| measured ; it will be seen that stimulation of the chorda invariably caused 


a greater or Jess increase in the rate of flow. 


Dog.—Acetate of morphia injected Chorda tympani nerve 
isolated, ligatured, and cut. Cannula in duct of sub-maxillary gland. 
Cannula in crural artery, with nozzle towards the capillaries. 


4.12, Stimulate chorda tympani nerve. Sec. coil 6—i.e., with shocks 
rather strongly felt on tip of tongue ; this was unchanged during 
the whole experiment. ere ensues a te flow of saliva. 

4,15. Inject into crural artery 10 mgms. pilocarpin nitrate. Almost 
immediately there is a rapid secretion of saliva. 

4.21, Inject into crural artery 19 mgms. atropin sulphate. The flow of 
saliva soon ceases. 

4.25, Stimulate chorda for 60". No secretion. 

4.40, Stimulate chorda for 60". No secretion. 


(1.)—4.45. Fill } of the cannula in Wharton's duct with 4 p. c, pilocarpin 
nitrate at-about 86°C. The pilocarpin is kept in the gland for some 
seconds. On relaxing the pressure, there is a secretion of one 
cannula saliva ; the secretion mes then very slow ; stimulation of 
the chorda obviously quickens it. — 

4.48, Secretion stopped or exceedingly slow. Stimulation of the chorda 
catises a flow. 

Altogether there have been 8 cannulz of saliva. 

4.52. Stimulate chorda for 60". No secretion. 


(2.}—4.54. Inject into duct 4 cannula pilocarpin. A slow secretion results. 
Connect the cannula with a tube graduated in millimetres. 
4.55. The rise of saliva in the tube measured, in millimetres, each 30”. 


| 42 8} 8 1. 
(When figures are given in black type (as 8}) it indicates that during 
the whole or a i of the 30° the shorn was stimulated. 
In this case the chorda was stimulated for the last 22’, out of the 30’, 
during which the flow was counted. 
5.0. Stimulate chorda. No secretion, or but a trace. 


(3,)—5.4. ns into duct one cannula pilocarpin. Connect cannula with 


ated tube. Flow of saliva in millimetres each succeeding 30 
9 30° 18 “11° 8: 8. 


In the 80” during which there was a flow of 10 mm. saliva, the chorda 
second stimulation n 6” after beginning counting. 
5.18. Stimulate chorda for 60 No secretion. 
(4.)—-5.22. Inject one cannula pilocarpin into duct. 
5.23, Flow of saliva each 30". : 
45 86 28 22 18 14 12 18 39. 
Stimulation chorda began 10” after beginning countin g. | 
5.35. Secretion apparently stopped. Stimulation of chorda causes a flow, 
which continues a little time after. | 
PH. | | 2 
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5.40, Stimulate chorda 60’. A just appreciable rise takes place in the 
tube (might have been —— by # muscular movement in the neck). 
5.48, Pong into crural artery 10 mgms. atropin sulphate, ie, 


5.55. chords for 60. No secretion. 


5.)—5.58. Inject 14 cannula pilocarpin into duct. 


14 24 22 15 10 7 6 1110 9 6 5 4 a 2 
6 9.80. Inject 2 cannule into duct. “a 


18 37 16 8 74. 


(7.)—6.21. Inject 8 cannule pilocarpin by means of syringe. Keep the fluid 
in the gland for 60”. 

A very rapid secretion results on connecting the cannula with the 

graduated tube, The whole tube of 250 mms, is filled in 15’, 


On emptying tube and again connecting with cannula, again filled 
in 15”, 7 

Interval 14", 

Connect cannula with a manometer. Pressure rises to 185 mm. 
He. Stimulation of chorda increases pressure to 138 mm,; it falls 

w degrees on ceasing to stimulate. 

6.29. Pressure = 124 mm. Hg. Stimulation of chorda sends up to 128. 

Secretion gradually stops, and chorda becomes once more — 


To take an instance from the above: in (4) there is, in the first . 
30 secs. during which the secretion is measured, a rise of 45 mm. ; in 
each successive 30 secs. the amount of the secretion steadily sinks. 
When the rate is 12 mm. in 30 secs., the chorda tympani is stimulated ; 
the rate then, instead of sinking to 9 or 10 mm., rises in the next 
30 secs. to 18 mm., and to 39 mm. in the {lining ‘80° deve. when, 
without the stimulation of the chorda, it would be only 6 or 7 mm.; 
i.e., in the first 30 secs, of stimulation the rate is twice as fast, and in 
the second 30 secs, five to six times as fast, as it would otherwise be. 
Again, towards the end of the experiment the cannula in the duct was 
connected with a mercury manometer, the pressure of the secretion 
produced by pilocarpin was 135 mm. mercury ; 3son. the chorda being 
stimulated it rose to 138 mm., falling again almost immediately on the 
cessation of the stimulus. 

It may be said that the increase in rate and re of secretion 
is due to the increased quantity of blood caused by stimulating the 
vaso-dilator fibres of the chorda tympani. There are many considera- 

tions which show that this is not the case. As far as our knowledge 
goes, an increase of secretion only follows an increased blood-flow when 


18 
(mal 
p 
¢ 
¥ 
= 
a 
> 


ANTAGONISM OF POISONS. 19 


the blood-flow is raised from a less than normal rate’. Now in such an 
experiment as. the above, the injection of pilocarpin causes more blood | 
than normal to flow through the gland ; consequently, when the chorda 
is stimulated, it only increases the already super-normal blood-flow, and 
we have no feason to suppose that such an increase ‘can quicken the 
secretion of saliva, Moreover, as I have stated above, if the quantity 
of atropin given be only small, stimulation of the chorda will produce 
a secretion fora few minutes after that caused by pilocarpin has stopped. 
Is this also to be explained as the effect of increased blood-flow ? | 
And, lastly, similar phenomena ‘can be observed with the sympathetic 
nerve in the cat, in which case there is a diminution instead of an 
increase in the blood-flow. ‘When about 30 mg. of atropin have been 
given to a cat, stimulation of the sympathetic nerve in the neck no 
longer produces a flow of saliva from the sub-maxillary gland. If now 
Pi in be injected into the duct of ‘the gland until a secretion is 
ined, it will be found that stimulation of the sympathetic causes a 
very marked increase in the rate of flow of the saliva. Moreover, for 
_ several minutes after the pilocarpin secretion has ceased, stimulation of 
the sympathetic continues to give a secretion ; each succeeding stimu- 
lation produces less and less effect, until in five to ten minutes the nerve 
is once more paralysed. This may be ia coreg several times on the 

same animal’, 

The views I have already put forward (op. cit.) as to the satiate of 

_ the antagonism I have seen no reason to alter, They are briefly as 
follows :—That alkaloids act on the tissues by forming chemical com- 
pounds with them. That when two poisons act on the same tissue, 
the result depends on their relative chemical affinity for the tissue and 
the mass of each present. Thus, then, within certain limits to be spoken 
of presently, if the one alkaloid is given, its effect can be antagonized 
by giving a sufficient quantity of the other. A limit is placed to this 
antagonism by the impossibility of giving very large quantities of any 
substance without ‘injuring the tissue by physical processes conse- 
quent on alteration in the density of the fluids. The antagonistic action 
of alkaloids can only occur within the limits of doses which do not 
seriously alter’ the ‘tissue by ‘altering the normal rate of diffusion, &c. 
If, for instatice, a nearly maximal ‘dose of atropin be given, no other 
alkaloid we are acquainted with can antagonize its action on the salivary 
glands, for the chemical affinity of atropin for the tissue is so a that 
1 of. Heidenhain, Bres. Stud., Hf. rv., 1868. | 
2 of. Journ. Phys., Vol. 2., 958, i: 
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it would require, to compensate for this, a mass of the other alkaloid 
impossible to be given without direct injury to the tissue. Iam, then, 


at one with Rossbach in holding that a certain large dose of atropin 


cannot be antagonized: I explain the fact, however, differently. 

The above view of mutual antagonism enables us, I think, to under- 
stand better some otherwise puzzling points in the action of atropin and 
pilocarpin. We have seen that the restoration of secretory power to the 
chorda by pilocarpin, although distinct, is not very great: stimulation 
of the nerve produces much less saliva than normally. Now pilocarpin 
itself diminishes the secretory power of the chorda, slightly only in 
small doses but considerably in large, and to overcome the effect of 
atropin a large dose of pilocarpin must be given.. Hence, then, the. 
impossibilty of restoring to the chorda its normal effect, for pilocarpin, 
in turning out the atropin, lowers on its own account the secretory- 
effect of the chorda’. Hence, too, the less and less effect of the chorda 
on the amount of atropin necessary to be given becomes greater and 
greater. It seems to me possible that, with sufficient doses, the pilo- 
carpin might replace the atropin without restoring any irritability to 
the chorda, the atropin paralysis being simply replaced by a pilocarpin 
paralysis. | 

Since pilocarpin then never restores completely the irritability of the 
chorda after atropin, I have spoken (op. cit.) of the action as one of 
imperfect antagonism. Luchsinger? objects to this. It is purely a 
matter of convenience of expression, and simply implies that there is not 
a restoration to normal irritability. On the theory I have indicated 
above, every two poisons which act on any one tissue are in a sense 
mutually antagonistic ; each is able to produce its own effects when 
given after the other in sufficient quantity. But, it seems to me con- 
venient, and more in accordance with the ordinary use of the word, if we 
apply it to such cases only in which the one poison produces the opposite 
physiological state to that produced by the first. Since different alka- 
loids produce this opposite physiological state to a greater or less degree, 


it seems to me convenient to distinguish between such cases by =e 


the expressions, “ nearly perfect,” “very imperfect,” and so on. 
The only case in which a return to normal seems to me possible, is 
when the poisons combine together, or when they act on some third 


1 The smaller amount of saliva So, the in 
an injection by the gland duct reaching certain of the gland cells only: the rest then 
remain in atropin paralysis. 

* Pfliger’s Archiv, Bd. xvi, s. 587, 1878. 
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ANTAGONISM OF POISONS. 
tissue as blood, which influences the gland or other structure in 


question. 


I am inclined to think that a considerable part of the iieieate 
between Rossbach and myself lies in the fact that he has used 
physostigmin and has adopted a less satisfactory method of observation. 
The physostigmin and muscarin salts that I have been able to obtain 
have always been mixed with a certain amount of resinous matter and 
in the few experiments I have made with them Bive much less clear 
results. 

I have not persisted in these experiments with physostigmin and 
muscarin, for my object has not been to show in how many cases a 
mutual antagonistic action occurs, but to prove it as clearly as possible 
in one instance. 
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THE INFLUENCE OF QUININE UPON THE REFLEX- 
EXCITABILITY OF THE SPINAL CORD. By Wu. T. 
SEDGWIOCK, Pu. B., Fellow of 
Baltimore, U.S.A. 


Tr is the object of this paper to describe a series of experiments which 
seems to indicate a different explanation from that commonly accepted for 
the influence of quinine upon the reflex-excitability of the spinal cord.- 
A knowledge of the real action of this drug is particularly desirable at © 
the present time, because Setschenow’s theory of special reflex- 
inhibition centres has been so often and so successfully attacked that the 
arguments drawn from the marked effect of quinine upon reflex-irrita- 
bility are to-day, perhaps, among the best reasons for retaining it. 

The theory of Setschenow’ was originally offered to explain the 
great loss of reflex-irritability which is the uniform result of stimulating 
with sodium chloride the optic lobes or optic thalami of. the frog’s brain. — 
It has also been looked upon with favour as accounting most easily for 
that singular rise in reflex-irritability which follows division of the 
_ medulla in the normal frog. 

Herzen’ weakened the argument for the existence of these centres 
by showing that a depression of irritability was not limited to stimula- 
tion of the optic lobes and thalami, but might be induced by stimulation 
of the cord itself. Goltz’, since that time, has removed the necessity of 
retaining the theory of Setschenow to explain the increased irrita- 
bility of the normal frog after division of the medulla by bringing 
forward his theory of simultaneous stimulation. Besides these investi- 
_ gators, Freusberg* and others have tested and finally abandoned the 
_ doctrine of special reflex-inhibition centres, Nevertheless, this doctrine 
still offers the readiest explanation of numerous phenomena in physio- 


schenow und Paschutin, Neue Versuche, 1865. 
2 Exp. sur les Centres modérateurs de Pistles réflexe, 1864. 


sae Beitrige zur Lehre von den Functionen der Nervencentren des Frosches, 3. 39, u.8.w. Berlin, 


‘ Pfliger’s Archiv, x. (1875), 174. 


1 Ueber die Hemmungsmechanismen fir die Reflexthitigheit des Riickenmarks, 1863. Set- 
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logy, one of which is the remarkable loss of reflex-excitability following 
the administration of a small dose of quinine to a normal frog. 

Except Meihuizen', whose work I shall review further on, no one, 
so far as I know, has offered any other explanation of the action of this 
alkaloid than that it stimulates the so-called centres of Setschenow. 
Chapéron? suggested that it probably acted in this way, and believed 
that he had proved it beyond a.doubt by experiments which are so simple 
and yet seemingly so conclusive that ~ have been widely adopted for 
demonstration purposes. 

Thus, if a small dose of some salt of quinine be thrown under the 
‘skin of a normal frog, or one from which only the cerebral hemispheres 
have been removed (and which we may conveniently call an “ optic- 
lobe” frog), a great loss of reflex-excitability occurs. If now we divide 
the medulla, the excitability returns quickly to the normal. Conversely, 
if the medulla is divided before the dose is given, no loss of irritability 
can be detected. 

_ It has also been found that, with large doses, the roflex-iitabilt 
may be depressed after a time even in the pithed frog. 

Having thus rapidly sketched our present datticiaiga of the working 
of this drug, I shall next describe my methods of experimenting; then 
will follow a discussion of my work, a few words concerning the case 
of sodium chloride, and, finally, the application of my results to the 
theories of 


Methods of Experimenting. 


In is of the objections which have been made to it, Tiirck’s 
method for measuring the reflex-irritability was used dhiicaphiont, 
Cyon’s objection that, what one measures in such cases is not reflex- 
excitability, but only the duration of the reflex-time, seems groundless. 
_ We know that stimuli in the nervous central organs are cumulative, and 
if. a longer time elapses between the application of acid to the skin 
and the occurrence of a reflex movement, this can only mean that the 
stimulation had to attain a greater height before it gave rise to an 
efferent discharge. The objection has also been raised that, sooner or 
later, the acid employed must act harmfully upon the bit ‘of skin to 
which it is be son and again applied. It is claimed, too, that the suspen- 


1 Pfliiger’s Archiv, 216. 
2 Pfliger’s Archiv, 293. 
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~ gion of the frog puts him in such an abnormal position that the results 


obtained are not trustworthy. These objections, and many more, dis- 
appear in the light of experience gained by observations made with a 
careful attention to details. | : 

I have worked only upon frogs. Except in a few cases they were 
hung up by a large pin (passing through the head between the nares), — 
from either end ofa horizontal wooden bar. This bar was supported by 
having its middle portion nailed to a tall block, so that no other part of 
the frog’s body was in contact with any solid object. A reservoir of 
water above communicating with a flexible rubber tube closed by a pinch- 
cock gave abundant and feady means for washing the frogs and keeping 
them in good order. They were constantly watched, and frequently 
bathed by immersion in a basin of water lifted from below. This basin 
of water is also a quick means of removing the acid after the reflex 
movement has occurred. Draughts of air were found a irritating, and 
were, therefore, avoided. 

Dilute sulphuric acid ‘was employed, and was made by diluting to a 
litre two c. c. of commercial “ pure sulphuric acid.” It had a quite 
distinctly acid taste. The time was marked off by a metronome, beating 
one hundred strokes a minute, At first the reflex-irritability was esti- 
mated every ten minutes ; however, if the conditions are good, five 
minutes is a sufficient interval, and my later observations were made 
five minutes apart. No comparative experiments were attempted until the 
record of several consecutive reflexes showed only such variations as 
would fall within the limits of observation errors. | 

Perhaps the greatest difficulty met with in using the method of 
Tiirck is &% be sure that the toe of the frog dips into the acid equally far 
every time the reflexes are determined. Carelessness in this respect may 
produce great variations in a record, and for this reason Meihuizen’s 
plan of holding the frog in the hand is objectionable. Again, the acid 
must be removed with all possible speed after the reflex movement has — 
taken place. 

As I employed it, Tirck’s method gave satisfactory results; for 
frogs could usually be kept in good order as long as was needful. A 
test experiment, in which two frogs had their medullas divided, and 
soon after were hung up as I have said, showed a record of reflexes 
which hardly varied for six hours. The irritability was taken every five 
minutes. So that they were suspended in an abnormal position for nearly 


_ six hours ; they had sixty-six applications of dilute acid to the same bit of 
skin ; these sixty-six stimuli set up as many reflex movements ; yet at 
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the end of the trial the reflex excitability was precisely the same\ 
beginning, and observations ceased only from my own wearines& 
the face of such experiments it seems absurd to claim that, under p 
precautions, repeated applications of acid of the strength indicated, or 
repeated demands upon the spinal cord, will lead to serious errors. 

It is a matter worthy of close attention, especially i in view of the 
results which I have reached, to consider the form in which quinine shall 
be given. As Hermann? points out, the use of acid to dissolve the 
sulphate is not to be recommended ; for the acid may set up stimuli 
which will depress the reflexes like other stimulation of sensory nerves. 
Yet, if sulphate of quinine is to be used at all, acid must be added, for 
it is little soluble in pure water. For these reasons it seems best to reject 
the sulphate, and to use the chloride, which is quite soluble in pure water, 
and weight for weight, contains much more quinine. There is, however, 

one danger in using this salt which must be borne in mind. If given 
in doses of a rather concentrated solution it behaves as an irritant. 
Commonly the drug is injected under the opaque skin of the frog’s back. 
Thinking that less danger of losing any of the dose was incurred by 
putting it under the abdominal skin (as the frogs sometimes jump about, 
and by arching the back squeeze out a few drops), I have lately thrown 
the drug in at a small incision on the abdominal skin near one of the 
arms. I have noticed, with some surprise, that, after a time, there often 
appears a large ein guntild area just over the part where most of the 
solution is lying. If the aqueous solution of quinine chloride may act 
in this way it suggests that it should always be dilute ; for if irritating 
it is quite as objectionable as the acid solution of the sulphate. For 
ordinary work I have used a freshly made solution, °06 grams of quinine 
chloride-in 10 c. c. of distilled water. This does not appear to irritate ; 
and using } ¢.c., which is a convenient quantity, a dose of 003 grams is 
given. The lation of atropia which I employed had -005 grams of the 
sulphate dissolved in 10 ¢. c. of water ; this gave for each dose of } c.c. 
only ‘00025 grams, yet this minute quantity proved ample. — 


Sats. 


said above, so far as I know, the attempt to explain 
the action of these salts on any other theory than that they stimulate 
the so-called. centres of Setschenow has been made by Meihuizen’, 


’ Lehrbuch der Experimentellen Toxicologie, 8. 8. 366. Berlin, 1874. 
2 Pfliger’s Archiv, 216. 
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and by him only indirectly.. He worked only with frogs whose medullas 
had been divided, so that. these particular centres were out of the 
question. Still, he advanced a theory for the action of the chloride of 
quinine on such frogs which, if true there, might also be true perhaps 
in the entire or optic-lobe frog. It was thought best, therefore, to test 
his theory. Meihuizen found—and I agree with him in this—that 
although in the frog whose medulla has been divided small doses of 
quinine do not seem to affect either the heart-beat or the reflex-excita- 
bility, large doses do, on the contrary, affect both. They slow the 
heart-beat and depress the reflex-excitability. 

In his other work I have not been able to confirm Moihuizen’ « 
results. Under large doses of quinine I have repeatedly seen the 
reflex-excitability grow feebler and feebler, till it finally disappeared 
altogether. In such cases I have almost invariably found the heart 
still beating, though the circulation in the web-vessels was usually 
siopped.. Meihuizen, on the other hand, finds no loss of. reflex- 
excitability until the heart has wholly stopped beating ; then, he says, 
the reflexes disappear in from fifteen to thirty minutes, or often’ even 
sooner—that is to say, a great loss of reflex-excitability never precedes 
a cessation of the heart-beat. On this observation he builds his theory, 
which is, that in frogs ‘with divided medullas quinine depresses the 
reflexes by producing grave disturbances in the circulation. I can only 
reconcile my own results with his by supposing that the exposure of 
the heart which he resorted to in some way causes it to stop sooner 
than it otherwise would. Different as the case is from that of the 
ordinary frog supposed to have inhibition-centres, it might be that 
in the latter the circulation was affected even when no obvious change 
was seen; and, as a consequence, by virtue of these centres, quickly 
depressed the reflexes of the spinal cord. Experiments were therefore 
begun both with quinine and with sodium chloride, in order to settle the 
point upon frogs having the so-called centres of Setschenow. The 
heart having been exposed in an optic-lobe frog, and a-crystal of sodium 
chloride laid on the cut ends of the thalami, no change in the heart- 
beat is seen for a short time; very soon, however, the heart beats 
slower, becomes dilated, and stops in diastole, with all the phenomena of 
vagus-inhibition. Almost at the same time convulsions usually begin, 
and when they are over the heart is found beating again. If the vagi 
are cut beforehand the heart cannot be stopped in this way ; and so, 
too, if a minute dose of atropia is given before beginning the experiment 
it always fails; hence we are probably safe in concluding that the phe- 
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nomenon is due to vagus-inhibition of the heart-beat, brought about by 
stimulation of the thalami with sodium chloride. This is a fact of some 
interest, perhaps. So far, support seemed likely to be given to the 
theory of Meihuizen. Accordingly, the work upon quinine chloride 
was begun with special interest, for I did not then know that quinine 
forbids vagus-inhibition. I soon found, however, that in the entire or 
optic-lobe ftog the heart was not miored § in the same way by small 
doses of quinine. Moreover, a dose large enough to slow the heart-beat, 
or to stop it, continues its effect even after that organ has been separated 
from its extrinsic nerves. Clearly, the cases of quinine and sodium 
chloride are very unlike, so far as the heart is concerned. I next pro- 
ceeded to estimate directly the influence upon the reflexes of profound 
disturbance of the circulation. The reflex-time in frogs with divided 
medullas having been carefully recorded and found fairly constant, the 
heart was exposed, and a ligature passed tightly around it, so that all 
circulation stopped at once. This experiment seemed to doe that in 
no case did the reflex-time change much within half an hour ; and this, 
it will be remembered, was the extreme period during which, according 
to Meihuizen, the reflexes lingered after total stoppage of the heart- 
beat by quinine. Table I. records some experiments made in April on 
frogs in good order, and under the same conditions. All were tested at 
the same time, the animals being hung up side by side, and observed 
one after the other at equal intervals. When it is recollected that, 
although the incision to expose the heart does not perceptibly affect the 
reflex-time, ligaturing-off the heart is a more profound operation, the 
moderate variations which the records indicate may perhaps be well 
accounted for. On the average, about forty minutes elapsed before the 
reflex-irritability suffered any great change; even then the reflexes 
seemed to fail rather from stiffening of the muscles than from any change 
in the nervous elements. From the fact which these experiments seem 
to prove, that a total stoppage of the circulation has less rapid effect 
upon the reflexes than even large doses of quinine, we must conclude 
that quinine does not act primarily upon Seiler Sarealty by diminish- 
ing the blood-flow. 


| EXPERIMENT 1. 
The observations were made ten minutes apart. Frogs A, B, C, D, 
I, F, with heart ligatured, show the effect of a total stoppage of circu- 
lation upon reflex-irritability: their medullas had been divided one 
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hour before experiments began. BH was an optic-lobe frog whose hemi- 
spheres had been removed several hours before. Frogs G, H, and Z 
_ give an opportunity for comparing the effect of large doses of quinine 
with a complete stoppage of circulation. Z had a dilute, and G and H 
had a concentrated, dose of quinine. 


A 


Table I. 
1| 1040/10} 8} 8] 56] 6) 6| 5 
2;10.50| 5] 8| 8; 4).9} 6] 61 6 | .*50+” means that 
4/1110! 5| 8! 41 91 5] 6 |reftex movement was 
7111.40} 7} 41 7117) 5418} 9 |  5& |puton just as soon as 
8111.50} 7/111 71151) 6 6 |given” umder 1110 
9| 12.00} 9| 7] 6} 8 7 | 
10 | 12.10 | 19 | 8 | 92)50+/50+/50+1 etc. | etc.| 9 | as the real time. 
11 | 12.20 [50+4| 10 the 
12 | 12.30 504 11 |50+| ete. | etc. | etc. 50-+| application of the 
13 | 12.40 | ete.| 12?) etc. a etc. | of all reflex indicated 
14 | 12.50 50+ | by the 
15 | 1.00 50+ minutes, 
16 | 1.10 etc. 


Having in mind the remarkable inhibition of the heart-beat by 
sodium chloride applied to the mid-brain of the frog, which seems to 
point clearly to a distinct efferent impulse proceeding from the stimulated 
part, and recollecting the various phenomena of simultaneous stimulation, 
such as the diminished irritability in one leg when the sciatic nerve of 
the other is stimulated by a strong electri¢ current, it is not difficult to 
suppose that all the reflex-inhibitions produced by applying sodium 
chloride to the nervous apparatus ef: the frog are special cases of 
simultaneous stimulation. 

Turning next to quinine, and ss eealine to apply, i in this case, the 
same theory, our attention is at once, drawn to the important fact that 
quinine has a decided effect upon the heart itself. Something is certainly 
going on here, for the heart beats slowly under a cians, dose and 
ceases to beat altogether under a large one. 

If counter nervous stimulation occurs in. this organ it must be 
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through the vagus nerve. If this acts as the afferent nerve, whose 
stimulation is to depress reflex-excitability, then division of the medulla . 
below the nerve must forbid that depression, as it does. By reviewing 
the subject and by this train of thought I was led to believe that such a 
theory would account well for the facts and do away with the necessity 
for supposing the existence, i in this case, of special inhibition centres; _ 
_it would be this: quinine salts acting upon the nervous network of the 
heart, stimulate the vagus nerve, and so depress general reflex-irritability 
in a way similar to that in which electrical stimulation of one sciatic 
nerve may depress the reflexes in the other leg. _ 

This theory accounts well for facts which have long been thoroughly 
established, and, if true, need meet with little objection, for its depressing 
_ effects upon the reflex-excitability of the cord are only simplified and 
placed alongside of many other cases of simultaneous stimulation which 
are unquestioned. The return of that excitability after division of the 
medulla is accounted for, since the source of the depression—the 
‘stimulated nerve—is no longer connected with the cord; and, con- 
versely, if the medulla is divided beforehand no depression can occur — 

for the same reason. Moreover, the effects of small and large doses 
- upon frogs with divided medulla should be; as they are, totally unlike 
the effects of the same doses upon normal or optic-lobe frogs. 

If my theory is true, section of the vagus nerves ought to be, so 
far as the reflexes are concerned, equivalent to dividing the medulla. 
Accordingly I divided both vagi close to the medulla, but the results 
were not constant. Owing to paralysis of the laryngeal muscles the ~ 
frogs no longer breathed normally and always bore the marks of a too 
severe operation. No absolutely contradictory results were obtained; 
still sometimes, after quinine-giving, the reflexes fell, but as it seemed 
rather from general exhaustion of the animal, and in others the reflexes 
continued as if no quinine had been given. Division of the visceral 
branches of the vagi below the origin of the laryngeal was a less severe 
operation, and was correspondingly more successful. A great trouble 
in this mode of experimenting is that a very considerable number of the 
frogs after the operation swell up enormously and utterly fail to expire. 
The phenomenon is described by Heinemann, and frogs which show 
it are no longer available for experiments upon reflex-irritability. Then, 
too, even of those which do not seem affected in that way, it may be true 
that there is something going on which, while it is not conspicuous, may, 
notwithstanding, affect the reflexes. Those frogs which showed no signs 
of Heinemann’s phenomenon gave very fair results. 
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Exp. 2, see Table II., records some of these results and affords an 
opportunity for comparing them with the effects of similar doses upon 
the normal frog. It should not be forgotten that an animal which has 


undergone a severe operation cannot be expected to retain  rmneneo de 80 
as an animal unoperated upon. 


EXPERIMENT 2. 


The observations took place five minutes apart. . For convenience 
they are arranged as if they were made simultaneously. They repre- 
sent some of the best cases for the theory. | 

A, B, C, D had had the visceral branches of their vagi divided below 
the origin of the laryngeal several hours before. ; 

E was an optic-lobe frog. G, and H had no Gperstion. 

The experiments occurred in yee and May, 1880, and the weather 
was favourable for the work. Frogs were chosen with special reference 
to the apparent absence of Heinemann’s phenomenon. 

The results thus far obtained, though very encouraging, were not 
perfectly satisfactory. It was onthe decided. to. make use of atropia, 
in the hope that, since it is believed to paralyse the inhibitory vagus- 
endings in the heart, it might also paralyse the ends of the afferent 
fibres, and so prevent. the action of quinine, which, the theory supposes, 
stimulates those endings, This test proved perfectly satisfactory. Table 
III. shows several cases, which may be compared with others taken at 
the same time when no atropia was given. They are representative 
examples. The dose of sulphate of atropia (00025 grams) i is very small, 
but after it has been given the usual amount of quinine seems to ase 
no effect at all. 

It will be remarked that the small quantity of atropia does not itself 


affect the reflexes. This I have by see 
Exp. 8, Table IIT. 


‘ 
WA 
a 
ag 
& 
3 
a 
rie 
be 
‘ 
& 
< 
+ 
es, 
ix 


ACTION OF QUININE ON SPINAL CORD. : 31 
Table Il. 
g With vagi divided. 
1| 810/10{ 10110] 10/11) 6 | 
816; 9| 71 9112/10) 
8201 6] 7] OF | 
5] 880} 7) 6] 6) 41°71] 10/10! °5 
885} 6) 71°44 8111] 915]. For the signi- 
8| $45 | 22) 4711/94 [11 | see Tablel. 
8501 9} 81°81 11 18] 10 | 10 
6} 7) 9116-9111 
11| 400/11! 6| 9| 41 7} 15 | 18| 12 
12} 4.05/10] 6] 9] 8] 8 | 25 | 20| 10 
18 | 4.10 1°91} 4415 16 | 12 
14| 4.15 | 10|11|11 14 17) 18| “medulla di- 
16} 4251) 9} 5428 |—}—| 46}. 
18| 435|—|14|—| 4 20 | — | 
21| 4.50/—|12| | 5421/18 | — of 
prea the words, ‘‘No 
22 | 4.55 12 | 18 | 18 observation.” 
23 | 5.00 29 8418 18 
24| 5.05 30 10/13 | — 
26 5.15 | D had, in all, 
7| 5.20 
98} 5.95 10 three large doses 
29 | 5.80 reflex. me — of quinine. 
80.| 5.85 87 
$1 5.40 50+] | 
$2 | 5.45 150+ 
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If proof for my theory depended solely upon the action of atropia, 
it might properly be argued that we know too little of the action of 
this drug to base upon its effects any explanation of the working of 
quinine; but when taken in connection with ‘the effects produced by 
vagus-section, it becomes a valuable ally for the theory. Owing to the 
sudden advent of warm weather I have made but a single experiment 
to see if, atropin was a general paralyser of inhibitory fibres. An optic- 
lobe frog, to which a large dose of atropia had been given, showed the 
ordinary loss of reflex-irritability when his lobes were stimulated with 
salt. Moreover, it is hardly possible that the small dose which I have 
used could prevent general reflex-inhibition. | 
These experiments seem to me to show that quinine salts, ee 
given to the normal or optic-lobe frog in small doses, depress the reflex- 
excitability by stimulating the vagus nerve through its endings in the 
heart. It is not unlikely that the pulmonary and gastric engines may 
also be influenced, but I have no proof of their action. : 
If my work shall be confirmed, it must be admitted that in the frog 
with divided medulla we have a different problem ‘to solve. Small doses 
are here ineffectual ; and when. we recollect that quinine is. a proto- 
plasmic poison, sual tn large or concentrated doses may become an 
irritant, several possibilities arise. Quinine may poison the cord directly, 
or have some other equally obscure action ; but from some experiments 
which I have begun but have not yet completed, it is possible that the 
depression in these cases is due to intense simultaneous stimulation ; the 
irritating quinine solution being a | stimulus comparable to the electric 
stimulus applied to a sciatic nerve, and, like that, affecting materially 
the general reflex-excitability. That it acts more feebly in case the 
brain and great nerve-centrés are is to be it bas 
work with and. ‘upon. 


: 


Soprum 


“ work upon the behaviour of this substance has not eee gone 
beyond that of other observers. - Their accepted results I have been able 
to confirm in most casés. Herzen’s observation that stimulation ‘of 
the cord could cause a depression of excitability I have fully confirmed 
by dividing the medulla, estimating the reflex-time before and after 
placing salt upon the section. On cutting across the cord again below 
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3. 


Observations occurred, five minutes B, G, D, 
show that atropin does not in such doses affect the reflexes : ales that 
after atropin-giving quinine is ineffectual. F,G, H, I show: the effect 
of the same doses of quinine when no atropin bes heen given. In no 
case after have I seen have its effect. 


Table 
s Quinine preceded by atropin. No atropin beforehand, 
2| 930) 9| 91.9}. 9} 9] 94 
8| 9851/10] 41 9) 91 7| 8! 7110 
4| 940} 8} 81104 9| 8} 10 
5| 945] 7| 8) 9) 7] 9} 10 
For the significance 
7| 9.55) 81 8! 9| 10} 22) 14 85 | 17 | nan. 
8| 10.00} 4] 5] 7} 9420] 18) 48 | 16 
9/1005} 8| 4] 8} 10418] 14 150+) 14 
10 | 10.10| 8| 5| 10] 24 | 16 \50+| 21 
11/1015 | 4) 4] 7] 9425] 15 | ele.) 16 | owing to mistake, 
H had a double dose, 
12| 1020 p27} 20) 
10.25) 9| 5|—| 9] | i6| 
14; 10.30; 8| 7} 5| 7|10 
15 | 10.35} 5| 8| 6| 9} 9 0+/50+ || the. 
16 | 10.40] 7} 4| 8 | 10 Jetc.| etc. 
17|10.45| 9| 5] 8] 9 25 
18 | 10.50 | 8{10| 6| 8 25 | served it. 
19|10.55| 9|10] 7 | 12 |, £04 
20/1100} 9|10| 6|)11| 8] 
21} 11.05; 9) 6} 5|—| 9 50+ 
22/1110; 9| 7} 4] 9 50+ 
23/1145} 8| 71 5110! 9 
241} 11.20) 7 4) | 
26 | 11.80 | 8 | 
27 111.85 | 7 5 | 12 
281} 11.40] 6 ete. | 10 
29 | 9 
80 | 11.50 | ete. ete. 
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this point the reflexes may often be restored; they may then be again 
depressed by salt and restored by section. 

I wish merely to call attention to the evidences of simultaneous 
stimulation in the case of ‘sodium chloride, as bearing upon theory. 
These evidences are, first, the fact that the heart may ‘be stopped by 
applying salt to the chalet ; second, that at about the same time 
convulsions occur; and, third, these are not due to stimulation of the 
so-called “ convulsive sent)” since they occur almost as well if the salt 
is laid upon the cut cord from which the medulla has been removed. 
These facts, if they show anything, show that the salt may - ag a direct 
stimulus of considerable power. 


THEORETICAL CONSIDERATIONS. 


I have not overlooked the difficulties which seem to arise from the 
strange behaviour of atropia towards quinine depression of reflex- 
excitability. It is not easy to understand how two drugs which have, 
apparently, the same effect upon the inhibitory function of the vagus 
shall nevertheless act precisely unlike upon the vagus nerve in respect 
to reflex depression. At first sight we can only escape by. saying that it 
(quinine) acts as a paralyser of inhibitory endings and as an excitant of 
afferent endings of the vagus nerve, while atropin paralyses both. This 
hypothesis, however, assumes a distribution of function in the vagus 
fibres which we are hardly justified in making. In view of the 
discovery by Prof. H. Newell Martin}, that special reflexes may 
be inhibited by the stimulation of the central ends of efferent fibres, we 
may have to change all our ideas of reflex-inhibition, and it may be 
that quinine merely stimulates the ends of the efferent cardio-inhibitory 
fibres, and these act back in the centres. — 

Since atropin is known to paralyse the peripheral organs of the 
cardio-inhibitory fibres, we would then get an explanation of the fact 
that after its administration small doses of quinine are without effect on 
the reflexes. Otherwise it would appear that we must assume that 
atropin paralyses also the ending of afferent vagus fibres in the heart, 


Johns Hopkins, University Circular, May, 1880. A ob some 
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which are stimulated in the organ under the influence of quinine and 
depress the reflexes. 


_ The slowing of the heart under quinine, aa at the same time the as 


of cardiac inhibition on direct vagus stimulation, show that the cardine 
action of the drug still needs much more investigation. 

__If the statement which was made at the outset, that the Hal of 
Setschenow is bettor sustained. by quinine than almost anything else, 
is true, then it must be granted that that theory now rests on a weak 
support. If my results secure confirmation, quinine does not depress the 
reflexes by the mediation of any special inhibitory centres. Moreover, it 
seems to me that all the phenomena found in using common salt to 
demonstrate the existence of these centres may be better explained by 
looking at them as particular cases of simultaneous stimulation, com- 
parable to the general inhibition of reflexes accompanying the powerful 
stimulation of a sensory nerve. 

Sodium chloride, although its first cause, has for some years been 
a stumbling-block in the way of the theory of Setschenow, while 
quinine has been one of its most important supports. Goltz’s theory, 
on the contrary, has been made more probable by the action of salt, and 
has hardly accounted for the effect of quinine. It will be seen that the 
results of my work support Goltz and render highly es the 
theory of Setschenow. 

The general results of this paper may be stated thus :— 


1. Quinine salts in small doses seem to depress the reflex-excitability 
of the cord by stimulation of the vagus nerve ; mainly through its end- 
ings in the heart. 


2. This places the quinine action alongside other stimuli of sensory 
nerves, and explains it action by saying that it is a special case of reflex 
depression by simultaneous stimulation. 3 


3. Goltz’s theory is supported, and that of Setschenow much 
weakened by these phenomena. 


4, Reflex depression under quinine salts, in the pithed frog, is a case 
wholly different from the same depression in the entire frog. Larger 
doses are required, and the drug possibly acts as a direct poison on the 


It is not unlikely that other drugs may act like quinine upon the 
3—2 


a 
. 
4 
as 
4 
oA 
= 
a 
x 
cord 
2 


36 W. T. SEDGWICK. 


reflexes. I propose to continue my work and shall especially examing 
digitalis, and others which act upon the heart. | 

The materials for this paper were accumulated in the Biological 
laboratory of the Johns Hopkins University, in charge of Prof. H. 
Newell Martin. Iam glad of an opportunity to express my feeling 
of deep indebtedness to him for the const t, encon: ent and wise 


counsel with ‘which he has roured me. 
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NOTE OF ON THE RATE OF PROPA- 
GATION OF THE ARTERIAL PULSE -WAVE. By 
AUGUSTUS. WALLER, M.B. 


there i is an of time the beat of and the 


pulse at the wrist is an old fact, and one patent to the most casual atten- 
tion ; but the interval could not be exactly estimated, and its existence 
remained in question until Weber made the experiments which are 
embodied in his well-known treatise on the pulse, published in 1834’. 
Although at that time his modes of measurement were necessarily 
imperfect, the general result at which he arrived—that the rate of 
propagation was 284 feet per second—was remarkably accurate. The 
chief observations relating to this point which have been made recently 
are those of Landois*, of E. Grunmach’, and of Dr. mere of 
New York. | 

- Landois’ method was substantially as follows:—By means of a 
chronograph and two sphygmographs, the levers of which bore pieces of 
wire dipping into mercary, so that the pulsation raising the lever should 
break an electrical circuit, a simultaneous tracing was obtained, consist- 
ing of first, time indications, second, indications of the instants at which 


any two pulsations broke the electrical current. He thus made the 


following estimates :— 
Interval between heart and axillary ............... "187" 
heart and dorsalis pedis ...... °349” 
and radial............... "087" 
femoral and dorsalis pedis...... "154" 


Dr. Keyt employed an instrument cortrived so that the apex | 


pulsation was recorded on the sphygmograph plate simultaneously with 
the arterial pulse; pulsations were transmitted through the medium of a 
tube and explorer filled with water, 


1E. H. Weber. De Pulsu, $e., 1834. 
2 L. Landois. Die Lehre vom Arterien Puls, 1872. 
Grummach. Arch, f. Anat. u. Phys., 1879, p. 417. 
4 New York Med. Journ., 1877-1878. 
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_ numbers he obtained were :— 
Interval between heart anterior tibial . 91458" 
carotid and femoral -........ 0704" 
‘femoral and anterior tibial... °0782" 


He the excess at the, carotid. delay. 


- attributable to transmission time; he speaks of it as the presphygmic 


interval, and assigns to it a value of ‘06’. As will appear in the course 
of my paper, I have independently recognized this latent period, regard- 
ing it.as the period occupied by. the culmination of systolic ead apt to 
the mark of. the resisting aortic pressure. 

The method I have employed in the of I am about 
to give a short account differs. from that employed by Dr. Keyt (with 
whose paper 1 was not, fortunate enough to be acquainted until the 
completion. of my own), in these respects—that instead of using the plate 
of the sphygmograph. as. a recording. surface, I had recourse to an ordinary 
cylinder (Secrétan’s), of; which the, surface jtravelled at the uniform 
rate of 50 mm. per second;.and secondly, that Insed,Marey’s method of 
air-transmission for.,recording both, the arterial and cardiac pulsations. 
To receive these pulsations I, employed,at Dr, Burdon-Sanderson’s 
suggestion, a cardiograph, contrived by Mr. aiabmrienbouad of which 
the shows the form. 


a; button—}, Zinc disc—, India-rabber membranc—i, Brass rin.—¢, 
Metal cur—/, Outlet to tympanum. 
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ARTERIAL PULSE-WAVE. 


__ This instrument is composed of a shallow cup (e), over the mouth of which 
a thin india-rubber membrane (c) is stretched, and kept air-tight by means of 


a brass rim (d) fitting tightly. within the cup. From. the cavity of the cup 
comes a short brass tube to pos india-rubber of the 
bearing tympanum is connec o the obturating membrane is gummed a 
circular zinc plate (6) bearing a screw, on which plays a wooden button (a) in 

such a manner that it can be set more or less projecting from the brass rim. 
The cup is held with its rim resting on the surface of the body, the button 
being previously screwed so that it may be brought against the point of 
pulsation ‘with a convenient degree of p : en the instrument. is 


gee applied, the pulsation raises the button and membrane, compressing the air 


space, which is connected with the air space of the tympanum by an india- 
rabber tube slipped over the outlet (/). 


By means of two such explorers satisfactory tracings of any two 
principal arteries, or of the heart and any artery, can be simultaneously 
recorded one below the other, so as to exhibit by the relations of the 
curves the time relations’ 6fthe events recorded. In each case the 
synchronous points of each couple were determined as follows :—As 
soon as the record was completed, and the cylinder brought to rest, each 
lever was set in motion by slight manipulation of the cardiograph buttons, 
and ares thus deseribed intersecting the ttacings, expressive of their 
vertical synchronism. ‘The same process was repeated at several parts of 
the tracing. It might happen that’ these two synchronous points were — 
exactly over each other, signifying that the entire tracings were super- 
posed exactly, but if not they furnished the necessary data for correction. 

_ It has been shown by Donders that the method of air-transmission 
is perfectly reliable for such purposes as the one in question, for although 
a certain time is occupied in transmission the delay is exactly the same, 
provided that the length of the tube and the size of the tympanum are 
the same. I have satisfied myvelf, for the instrument I employed, that 
air-transmission could cause no appreciable error; the rapidity of impulse 
along the tubing: was about 400 metres per second, and the physical 
latency of the tympana less than ;,th sec. ‘Inequalities between these 
values would be infinitesimal. 

_- In order to determine the time at which the maximum pressure is 
attained in the smallest peripheral arteries of the hand and foot, as 
indicated by the moment of greatest distension of these parts, it was 
necessary to employ some method by which this time could be graphically 
recorded. For the hand Mosso’s plethysmograph was well adapted. 
For the foot I used a plethysmograph devised for the purpose by 
Dr. Burdon-Sanderson (Fig. II.). It was found that sufficient 
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indications were afforded by both these instruments, whether water or 
air were the the limb, that instruments 
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I never attend to determine the ‘time relations of more than two 
events in one observation. ' It is desirable on every account that appa- 
ratus and method should be as simple as possible. It enables a single 
person to be both subject and operator, and to repeat observations as 
often as necessary. | 

; The palsations, which can be investigated are: the carotid, the 
_ femoral, the radigl, the brachial, the axillary, the subclavian, the anterior 
and posterior tibials, and the arterioles of the foot and hand. The interval 
between each of these and the hear was pea if measured ; the results 


are as follow. 
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IiI.—Heart and Carotid Artery. 


To be reai rom Hight to left. 3 
Pulse-frequency op 55. Delay a= *10”. 


The relation between-the | rotid 3 and cardiac impulses is shown 
in the above figure. ® | i It is noteworthy that the 
cessation of the v bole..is ims followed by the not 


heart and expansion of the dis tc 
but referable to some other cause. As ‘i been well explained by 
Donders, the heart does. not acquire force enough to burst open. the 
sigmoid valve until a moment after it has attained its sudden distension, 
which is felt by the finger applied to the precordia, and recorded by the 
cardiograph. Between aorta and carotid the loss of time attributable to 
transmission is not greater than -02’; there, therefore, remains ‘08" as 
the interval by which the heart terpaiee precedes the distension of the 
aorta. In estimating the rate of transmission from heart to any artery 
the result requires to be corrected by deduction of this time (which, 
according to my measurements, varies between ‘06° and -09"), for 
obviously the pulse-wave starts fican the root of the aorta, not at the 
time of the impulse, but at the moment of maximum distension of the 
aorta itself. It is observable that on the. cardiogram the interval between 
commencement and completion of systolic rise is about ° 

This considerable delay affords a reason for the distinct Boet-systolic 
character frequently recognizable as belonging to murmurs of aortic 
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obstruction. It also explains why a first sound heard undivided at the 
heart’s apex is often, as it were, split into two portions if listened to 
above the clavicle, the first’ portion being ‘the transmitted: first mv, 
the second the arterial rush beneath the stethoscope. 
As’ result of this fact, the duration of the heart’s systole saeniien.t 

be and is, than the distension of the carotid. 


nt ele above that. of aortic 


a hrono 


Qn this tracing the delay between the heart and femoral is-read off 

to be 18’, consequently between the beginnin g of the distension in the 
aorta (which is about -08 after the commencing systole) and the same 
event in the femoral, the interval is ‘1’; correspondingly, the notch in the 
femora] tracing (as in the tracings of all distant arteries, less pronounced 
than in the carotid or subclavian) commences _ ne the commence- 


Pig. V.—Hort an Fomor Artery ey 
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- On this tracing the impulses from each source are combined binorally, 
vied a single tympanum receives its motion from two cardiographs in 
communication ‘with: to, = heart and to, the 


Fig. VL.— 


Heart... 


Pulse-frequeney = 85, Delay = to 25". 


Between the impulse of the heart and the distension of the capillary 
arteries of the foot. the interval is in this. tracing ‘24’, i.¢., the period 
between distension of the aorta and that of the foot is -16’. From 
ventricular collapse on the cardiac curve to the lowest point of the 
negative event in the foot curve'the interval is about the ‘same (slightly 


longer, viz) +18:to0 the estimate being necessarily: somewhat rough). 


oust, before this tracing was taken the circulation was-stimulated by 
slight exertion, in of, the on the 
cardiac cuitve tends cording: to: tlinigal nomencla 
bigeminal. 
The delay 24) is slightly b the normal which is "26" to 
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‘28".... The delay of the dorsalis pedis is normally to ‘24". Asa rule, 
the, difference between. dorsalis pedis and foot with a pulse-frequency of — 
75, was °04", viz., greater than the difference attributable to distance of 
transmission. A possible fallacy at once suggests itself if a considerable 
volume of air surround the limb; by virtue of its elasticity, pulsatile 
expansion is to some -éxtent absorbed, and possibly its manifestation is 
delayed ; if. watersurround the limb, a column of a variable number of 
inches rests:upon ‘it, and by its inertia possibly retards the manifestation 
of expansion:.. ‘The statement must 'therefore be taken with reserve—that 
at a part of the periphery, between small vessels accessible to observation 
(e.g., dorsalis pedis) and smallest’ vessels, the distension of which is 
manifested. in.,general ‘expansion of the part, the ‘pulse-wave suffers a 
retardation disproportionate to distance traversed. I have not yet been 
able to eliminate the element of doubt, and therefore abstain from any 
explanation of a fact in some degree uncertain. 


Fig, VIIL.—Heart and Poot (taken immediately after the inhalation of nitrite of amyl). 


The ssc of a eg vibrating 100 per sec. is reproduced in this woodcut. Its 
geale applies to the other figures: 


Pulse-frequency = 142. Delay = *18" to -19". 


the in of this the exhibits on the a 
marked bigeminal character, and the presystolic wave caused by auricular 
coritraction is rendered more distinct. On the foot tracing dicrotism 
is increased, the negative feature being far more: marked than in the 
previous tracing. Indeed, the state of distension which it indicates — 
between the first and second waves is no greater than the. distension 
immediately preceding the first wave. Does this cardiac dicrotism indi- 
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cate reduplication of ventricular contraction or a synchronism between 
the two ventricles? I reserve the discussion of this point % a titre 
occasion. 

An acceleration i is noted rare the sows condition, Although arte- 
rial tension is lowered by the drug, and retardation of impulse might 
be anticipated within. tubes in a state of diminished rigidity, yet pre- 
sumably with greater intensity. of | propulsion: by: the more. sudden 
ventricular systole, propagation rapidity \is-ineréased. observe; indeed, 
the general rule that. with. pulse-frequency, ptilse-rapidity ald 

The following, table to ithe! isubject ‘of 
my paper. I will two that link themselves with 


I.—Increased increased rapidity, diminution of the 
cardiac systolic period, diminution of the arterial distension period, are con- 
comitant and parallel phenomena. 

The following numbers are selected from. some unfinished tables of the 
and arterial 


54. » systolic dist. of carotid’. sae 


cardiac systole ............°84" 


II.—With certain valvular lesions of the heart, which might be sspented 
to lower mean arterial tension, the pulse is not delayed. Under the. relaxing 
arterial influence of nitrite of amyl, it is notably diminished. Of these 
— the first contradicts the clinical statement, that the radial pulse 
in low arterial tension of cardiac lesion may be 80 far délayed as to co am 

_ with the succeeding cardiac systole (viz., a delay amounting to °80" 
uency of 75, whereas of all the cases.I. 

pulse succeed the second in sound, viz., the Ppowed of radial pulse 
reached ’80"); the second exemplifies that rapidity depends, 
among other factors, upon re or Vigour of imp 
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142 nitrite) Arterioles of Foot...°18°— 19" 

85 (Do.a few minutes later) (Fig. 1) 
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IV. Systolic Mitral Murmur. 


Vessel. Delay. 
V. Double Aortic Murmur, 
| ‘Vi. Chronic Nephritis. Reduplicated First Sound. 
| 66 ce Femoral 17’ at 
VII. Double Aortic and Double Mitral Murmurs. — 
VIII. Thoracic Aneurism. 


My thanks are due to Dr. Burdon-Sanderson for the help and 
facilities he has afforded me in all and at whose 
above observations were made. 
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ON THE TONICITY OF THE HEART AND BLOOD VESSELS. 
By W. H, GASKELL, M.D. Cambridge, 


(From the Physiological Laboratory, Camsbrig. ) 


Tux tendency of physiologists of the present time to attribute to nerve 
cells the chief agency in the causation of rhythmical phenomena has 
led to the generally received hypothesis that the beat of the heart is 
brought about by the action of certain ganglion cells situated in the 
heart itself, while the cardiac muscular tissue is credited with the purely 
subordinate réle of responding to the impulses generated in these nerve 
cells ; and, further, that the muscles of the smaller arteries are kept in a 
state of semi-contraction, that is, of tonicity, by the influence of the nerve 
cells of the vasomotor centre. . 

In accordance then with these views the action of the vagus, as well 
as of all influences which act similarly to the vagus, is explained by the 
supposition that that process going on in certain of the cardiac ganglion 
cells which manifests itself in a beat, is interfered with either indirectly 
through the operation of a special Sbdtory ganglionic mechanism, or 
directly, whenever the vagus is set in action. 

Also, when it was found that certain nerves possessed the property 
of causing the blood vessels to dilate, and that after separation from the 
central nervous system the tonicity of the smaller arteries was lost only 
for a time, the same predominating idea necessitated the hypothesis of a 
local peripherally situated ganglionic vasomotor mechanism which was 
able to take on the functions previously held by the centrally situated 
nerve cells ; and, therefore, dilation of the arteries could be brought 
about by the action of certain “ vaso-dilator” nerves interfering with 
the processes going on in these hypothetical peripheral ganglion cells.— 
Thus harmonizing, on the one hand, the conception of the causation of 
the tonicity of arteries and of the rhythmical beat of the heart, and on 
the other hand, the action of the vaso-dilator nerve-and the vagus. 

This view, however, has required a still further extension, since it 
has been found that the lower two-thirds of the ventricle of the frog’s heart 


1 An abstract of this paper was read before the Royal Society, March 11, 1680. _ 
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TONICITY OF THE HEART. 49 


will beat rhythmically, either by the action of the constant current or by 
supplying it with an artificial blood solution, as in the experiments of 
Merunowicz*. If, therefore, one is still to attribute to the muscular 
tissue of the heart the subordinate part usually assigned to it in the 
causation of the beat, one must assume that in this part of the ventricle 
there is some ‘nervous “mechanism whith has as yet escaped notice, 
although it has been examined ‘so carefully and‘so often that one can say 
with absolute certainty, that there are no ganglion cells here in the 
smallest degree resembling those found in other parts of the heart, i., 
resembling the nervous mechanism upon which the normal beat of the 
heart is supposed to depend. Seving then how insecure is the hypothesis 
of the existence of automatically acting nerve cells, both in the apex of 
the frog’s heart, and in, or in the neighbourhood of the muscular tissue 
of the smaller dtatids it is well worth while to consider whether the ~ 
phenomena in question may not be oer by the properties of the 
muscular tissue per se. 

Now, however, we attempt to rpliin the fact, that a constant con- 
tinual stimulus is able to bring about a rhythmical result, whether in the 
case of nervous tissues by Rosenthal’s well known resistance theory, 
or in the case of muscular tissues by Romanes’ exhaustion theory’, 
it is clear that our views of the manner in which modifications of the 
rhythm are produced will be most closely connected with the hypothesis 
we happen to hold ; thus, as is natural, according to the present view the 
alterations not only of rate of rhythm, but also of the character of the 
beat which occur under different circumstances, are, as a rule, discussed 
on the supposition that it is the variation in the stimulus, rather than 
an alteration in the receptivity of the muscle to the stimulus, to which 
the effects produced are due; while on the other hand, on the hypo- 
thesis that the cardiac muscle itself responds sivthendselly to a constant 
stimulus, the attention is naturally directed towards variations in the 
receptivity of the muscle rather than to variations of the strength of the 
stimulus, 

In this paper, then, I propose to examine into the alterations of the 
character of ‘the heart’s action, and of the tone of the arteries produced 
by alterations in the nutritive condition of the muscular substance, on the 
assumption that the apex of the heart and the muscles of the paler 
arteries are free from nerve cells. 

As in the experiments upon the action of the heart, I was desirous 

1 Ludwig’s Ardeiten, 1875, p. 132. 


Phil, Part 1., 1880, p. 161. 
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of comparing, under the same conditions, the effect of different fluids (1) 
upon the whole heart, with vagus attached ; (2) upon the ventricle ; and 
(3) upon the apex, I have made use of Roy's tonometer’, modihied in 
the following way :— 

The heart is suspended in a pe bottle of size sufficient to hold the 
whole heart with cannule fixed into one superior vena cava and aorta, 
as well as electrodes for the vagus. This bottle can be filled with oil, or 
normal saline solution, or any other. fluid that may be deemed advisable, 
and from its shoulder a German silver tube passes to a cylindrical 
reservoir, also made of German silver, within which the piston of Roy’s 
tonometer can move vertically up and down. The upper extremity of 
this reservoir is closed by a stop-cock, so that the reservoir and tube 
connecting it with the glass bottle can be filled with oil, and at one side 
' of the reservoir is a tap for the purpose of ranning out the oil and so 
raising the lever, as in Roy’s tonometer. The glass bottle possesses two 
stoppers, the one fitted with the ordinary perfusion cannula for the 
ventricle or apex, and the other fitted with cannule for the whole heart 
and electrodes. The whole apparatus is air-tight, and the smallest 
variation in the capacity of the ventricular cavity is magnified and 
registered by means of a lever. The tracing is made on the continuous 
paper of the kymographion by means of a fine camel’s hair brush 
attached to the extremity of the lever. . 

+ In order to compare the action of different fluids. under eiialealy 
the same conditions, it. is necessary to insure that they pass through the 
heart at the same pressure, and at the same time to arrange so that any 
one solution can be sent through during any period of the action of any 
other solution. To effect this I use three funnels arranged ‘on a stand, 

which can be raised or lowered to any height required ; the funnels 
communicate by means of three india-rubber tubes and three three-way 
taps with the inflow cannula, so that by simply turning any one of ‘the 
three taps any particular solution can be sent through the heart.’ The © 

funnels are filled with different solutions, and the level of the fluid in - 
each funnel kept constant by means of a Marriotte supply flask placed 
on the stand, and containing the same solution as that in its gs ie 
funnel. 
The defibrinated blood tolutions of ‘which I have made use: have 
been either one part blood (sheep’s, bullock’s, or rabbit’s) to four parts 
0°75 p. c. salt solution, as recommended by — or one part 
vlood to two parts salt solution, as used by Roy. 


i Journal of Physiol; Vol. 462, 
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TONIOITY OF THE HEART. 


I. It is not the foreign nature diel blood supply, as Bernstein nen! 
which is the reason why the apex of the frog’s heart beats when supplied m 
misture of blood and salt solution, 


Bernstein. confirming him, Bowditch’, have shown that, if 
the lower two-thirds of the ventricle be separated. physiologically from 
- the upper third and auricles by nipping the yentricle by means of a fine 
wire forceps, then the. apex will remain quiescent indefinitely, although 
supplied with the frog’s.own blood by the beating auricles and upper 
part of ventricle, This is true enough ; but what is not true, is the 
supposition that the frog’s own blood cannot bring about a separate 
series of beats in the: physiologically isolated apex. As Dr. Foster has 
shown me, and as.I have often seen for myself, if, after the ventricle has 
been nipped, and the apex thus reduced to quiescence, the aortic branches 
be clamped, and the outflow from the heart thereby prevented, then, by 
the continual beating of the upper part of the heart, the pressure in the 
apex is increased, and the apex, though only supplied with its own 
blood, will beat spontaneously. The rate of beat of the apex is entirely 
independent of that of the upper part of the ventricle and auricles, being 
always very much slower, The beats do. not, as a rale, commence imme- 
diately after the closure of the aorta, but even as long a time as two minutes 
may elapse before a single beat takes place ; for a variable time after the — 
nipping of the ventricle clamping the aorta is unable to produce beats. It 
will be remembered that, according to Merunowicz, it was necessary to 
wait for even as long as sixty minutes after the blood solution had begun 
to pass into the apex before any beats took place. As soon as the aorta 
is unclamped, or very quickly afterwards, the apex returns to its former 
state of quiescence, and will remain without beating, unless the pressure 
be again increased by clamping the aorta. This experiment seems to 
show that the spontaneous apex beats depend rather upon the pressure in 
the cavity than upon the nature of the blood supply. 
The reverse experiment shows this. In a pithed frog the heart is 
exposed, and the frog’s own blood replaced by a mixture of sheep’s blood 
and salt solution—1 part blood to 4 parts 0°75 p. c. salt solution—by 


1 Centralb. f. d. Med. Wiss., 1876, pp. 385, 435. 
3 Journ. Physiol., Vol. 1., p. 104. | 
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means of a cannula in the abdominal vein, the lower end of the vein 
being left open. As soon as all the frog’s own blood has been removed 
the flow through the cannula is stopped, and directly afterwards, when 
the heart has regained its natural size, the lower end of the vein is liga- 
tured,’ The frog is thus supplied with the artificial blood solution 
instead of its own blood, and the heart continues to beat strongly and 
regularly. The ventricle is now nipped, and immediately the apex 
remains quiescent, as in Bernstein’s experiment. The upper part of 
the ventricle and auricles beat vigorously, and, keep the lower two-thirds 


of the ventricle well supplied with the artificial blood solution ; yet, 


although the apex be observed for hours, it will not beat. As soon, 


however, as the blood solution is allowed to flow at a slight pressure into 


the cannula, which is tied into the upper end of the abdominal vein, the 


_ lower end being still tied, the heart becomes distended with blood, its — 


upper portion beats exceedingly vigorously, and almost immediately, or 
in a very short time, the apex commences to contract regularly and 
strongly, emptying itself at each contraction. The rate of beat is slower 
than, and independent of, that of the upper third of the ventricle. If 
the increase of pressure due to the passing in of the blood solution is 
not sufficient to bring about these spontaneous apex beats, then it is only 
necessary to clamp the aorta as well in order to obtain a series of strong 
apex contractions. In either case, upon the removal of pressure, by 
unclamping the aorta or stopping the inflow of blood, and at the same 
time opening the lower end of the abdominal vein, as soon as the heart — 
returns to its original volume, the apex returns to its normal condition 
of absolute quiescence. 

These experiments prove conclusively that the difference between 
the action of an artificial blood solution and the frog’s own blood, as far at 
least as the causation of the spontaneous apex beats is dedidiatingd, is an 
unessential one, and at the same time show how important a factor for 
their production is the amount of pressure within the apex cavity. 


Note.—Since the above experiments were performed a short notice of a paper by 
Ludwig and Luchsinger appeared in the Centralblatt f. Med. Wiss., 1879, p. 404, in 
which the authors state that the spontaneous apex beats obtained by Merunowicz depend 
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IL On the action of dilute alkaline solutions upon the cardiac muscle. | 


The experiments of Merunowicz', Stiénon?, and Gaule? have 
all shown how the apex of the heart, after being reduced to rest by 
washing out with salt solution, can be made to beat again by sending 
through a dilute alkaline salt solution. None of these observers, 
however, seem to attribute any definite action upon the muscular 
tissue to the alkaline fluid, they rather conclude that the alkali causes 
beats to reappear because it removes some obstruction, probably acid 
in nature, which has been accumulating in the heart and- which has 
prevented its pulsations; the beats then are supposed simply to be set 
free by the action of the alkali, and after a time that action ceases to 
have any effect and the apex again stops beating because the substance 
upon which its contractile power depends requires renewal. In this 
second standstill, after the alkali solution has for some time been pass- 
ing through the heart, nothing is said to lead one to suppose that the 
standstill is in any way different to that caused by the salt solution alone, 
that is, a standstill in fall diastole. This, however, is not the case. If 
the ventricle or apex, placed in Roy’s tonometer as described above, 
be made to beat with an artificial blood solution and then be washed out 
_ with a continuous stream of a 0°75 p. c. salt solution at a constant 

pressure of 20 c. m. until the beats have entirely ceased and the ventricle 
remains motionless in diastole, then, upon sending through a dilute 
alkaline solution (of the strength recommended by Gaule, viz., one 
part sod. hydr. to 20,000 parts salt solution) at the same pressure, a 
series of beats takes place and again the ventricle stops beating, but no 
longer in the condition of diastole, the standstill which now occurs is 
always a systolic rather than a diastolic one. 

The genesis of this systolic standstill can be better shown by 
sending the alkaline solution through the ventricle when beating under 
the influence of the artificial blood solution. 

In Fig. 1, Pl. I., I have endeavoured to depict the principal points 
in the curve that are invariably obtained under these circumstances. 


1 Loe. cit. 
2 Arch. f. Anat. u. Phys. (Physiol. Abth.),-1878, p. 263. 
3 Arch, f. Anat. u. Phys: (Physiol. Abth.), 1818, p. 291. 
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Pl. II. “The details of this particular experiment were as follows:— 


‘March 1, 1879. Frog’s. ventricle on cannula; three funnels containing 
sheep’s blood solution (one part to two parts salt solution), alkaline solution 
(one part sod. hydrate to 20,000 parts salt solution), and acid solution (one 
part lactic acid to 10,000 parts salt, solution) respectively were placed in 
connection with the inflow cannula. The level of the fluid in the funnels was 
kept constant at a height of 20 c. m. above the ventricle. The extremity of 
the outflow ‘tube was ‘fixed ata height of 6 c: m. below level of fluid in the 
funnels. The blood solution was first. allowed to run through the ventricle, and 
after it had been beating for some time with the regularity and force 
represented by. the first part of the curve, a, the alkaline solution was made 
to run through at the point marked by the arrow. The curves, 5b, c, d, and e, 
represent pieces of the whole curve obtained, taken at the following intervals:— 


Between the end of @ and the beginning of b there were 39 sec, and 14 beats. 


_ The gradation from. the normal beat at @ to the alkaline standstill at 

_ the end of ¢ was in the original curve perfectly gradu 
- Upon examination of the figure as a whole two facts are very clearly 
seen. In the first place, the height to which the leveris raised above the 
abscissa line at each beat remains the same; in other words, the force of 
each separate contraction has not been diminished by the action of the 
alkali—the cavity of the ventricle is closed during each systole throughout 
the whole curve as completely as with the artificial blood solution, In 
the second place, there is a gradual rise in the height of the lever above 
the abscissa line during each diastole, that is to say, the extent of the relaxa- 
tion of the ventricle between successive beats is progressively diminished 
by the action of the alkaline solution. Further, if instead of examining 
the figure as a whole each separate contraction be noticed, it is seen that 
coincident with the increasing imperfection of the relaxation during the 
diastole there is a progressive lengthening of the time of full contraction 
during each systole. With tho blood solution alone, each beat as traced 
by the lever presents a slightly rounded apex, showing that the ventricle 
remained only for a fraetion of a second in the position of full contraction, 


4 Owing to the length of the original curve, I have thought it best to give 
4 pieces of it taken at intervals during the action of the alkaline solution 
rather than such another — of curve as is — in ~ 3, 
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while with the alkali solution the tracings become more and more flat-— 
topped, the cavity of the ventricle remains closed for a longer and longer 
time. The ultimate effect of the increasing difficulty of relaxation is to 
_ cause the lever to draw a straight line at the height of full contraction. 
The systolic standstill which is thus brought about, does not necessarily 
prove that the ventricle is no longer beating, but simply that the con- 
tractions are no longer capable of being registered, because the action of 
the alkali has put the tissue into such a condition that the cavity is 

closed daring both the systole and diastole. | 

If, as is possible, the ventricle can contract beyond the ‘inline 

olowiaie of the cavity, then invisible beats may in reality occur, although . 
by the method used it would be impossible to register them. Whether 
_ this be the case or not, it is clear that the standstill produced by the 
. alkali solution is not of the nature of a tetanus, but rather that there 
is some gradual change in the condition of the muscular tissue inde- 
pendently of the beats of that tissue, a change corresponding to what 
has received the name of “ idio-muscular contraction.” The standstill 
is not caused by such a rapid increase in the rate of pulsation that 
there is no longer time for relaxation to take place, for the rate of 
rhythm is slower rather than quicker at the end of the curve than at 
its commencement, but by a gradual alteration in the condition of ‘the 
tissue itself, which becomes, so to speak, more and more tightened up, 
until at last the cavity is closed during the whole cycle of the beat. 
It is in consequence of this alteration of the, tissue that the separate 
beats are changed in character, and not the variation of the beat which 
produces the standstill. | 

This view is confirmed by observations of the action of the alkali 
solution on the non-beating apex. 

If, instead of supplying the apex with an artificial blood solution, its 
own blood be washed out with 0°75 p. c, salt solution, it will frequently 
remain without beating, and it is possible to supply this non-beating 
relaxed apex with normal saline solutions containing alkali, acids, &c., 
without the necessary occurrence of a single spontaneous beat. ) 

In this way it can be‘shown that the dilute alkali solution causes the 


apex to pass very slowly from. tle open of extreme relaxation to 
that of full contraction. 


‘Thus, in an experiment on Oct. 25, 1879, normal saline solution was sent 
through ¢ the non-beating apex for six minutes, ‘at a constant pressure of 22 c. m., 
during which time the apex remained relaxed without a single spontaneous — 
pulsation, and then the solution (1 part sod. hydrate to 29,000 parts 
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salt solution) was sent through at the same pressure. During the whole time 
that_the alkaline solution was flowing, the lever was very steadily and very 
slowly rising, so that in eleven minutes from the time whet the alkali solution. 
was sent through it had risen 16°56 a rise co nding ‘very nearly ‘to 
neous beats took place. _ 


is_ clear, then, seta of experiments, that. : a dilute 
alkaline solution, acts, upon the muscular (tissue of the heart in such a 
way as to bring it from a position. of relaxation, to one, of contraction, 
and that, according to the stage reached in this alteration of the con- 
tractile tissue, so. will be the nature of the beat produced by the ventricle; 
the more the muscle is drawn together by the action of the alkali, the 
longer is the time of full contraction in each beat—meaning by the term 
fall contraction, the complete closure of the ventricular cavity. 


Ul. Dilute acid solutions act on. the muscle in the 
to dilute solutions, 

I have made use of ally two viz., 1 part 
_ lactic acid to 10,000 parts, salt solution, and 1 part lactic acid to 20,000 
parts salt solution: These were sent through the ventricle or apex in the 
same way as the alkaline solution, and to show the invariable effect of 
the lactic acid, I give in Fig. 2, Pl. I., an example, taken, for the sake 
of comparison, from the same experiment as’ Fig. 1. After Fig. 1 had 
been obtained, the artificial blood solution was sent through, and after it 
had been flowing for seven minutes the lactic acid solution (1 lactic 
to 10,000 salt solution) was turned through the ventricle, and Fig. 2 
obtained. From the figure it is seen how the lactic acid solution, which 
was sent in at the point marked by an arrow, quickly brings the ventricle 
to standstill in the position of complete relaxatfon ; how, as’ the action 
continues, the height of each beat is lowered, and at the same time the 
beats assume a more pointed character than with the artificial blood solu- 
tion. The effect, in fact, is exactly the reverse of what took place with 
the alkaline solution. Another point may also ‘be ‘noticed’ by a com- 
parison of Figs. 1 and 2, and that is, that in each case the beats produced 
by the artificial blood solution are the same in strength and character ; in: 
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other words, the systolic standstill caused by the alkali solution is not 
due to any permanent injury to the muscular tissue; and in the same 
way, itis clear that the diastolic standstill produced by the lactic acid 
solution is also not a sign of any lasting paralysing injury ; for, in — 
either case, the blood solution is able to produce pulsations in no way 
differing from those that are normally produced before either the alkali 
or acid solutions are sent ee If, instead of a solution of the 


dastcigi sitet that the diastolic standstill would have taken rather a 
longer time to be developed. With the beating apex instead of the 
ventricle the curve > obtained 1 is of pce same character. 


IV. The action of the acid and alkali solutions are antagonistic. 


When, by means of an acid solution, the beats of the ventricle have 
been very much lowered in force, then the alkaline solution brings back 
the force of the beat to its original height, and then produces its own 
characteristic effect, and upon again sending through the acid solution 
the action of the alkali is gradually overpowered and the ventricle slowly 
falls from a position of full contraction to one of extreme dilation. 
This is well shown in Fig. 3, Pl. II. ; 

Again, if the acid solution has brought about a condition of nearly 
absolute diastolic standstill, then removal of the acid by normal salt 
solution does not improve the beats, and the position of the lever during 
the diastole remains the same, but immediately the alkaline solution is 
sent through the lever rises during the diastole, and at the same time the 
beats are strengthened until the ventricle passes into the condition of 
systolic standstill. | 

The reverse case is also true. Although salt solution alone after thé 
alkali solution will very gradually bring the ventricle from the contracted 
to the dilated condition, yet the addition of lactic acid to the salt solution 
is able to produce the same effect with much greater rapidity. 
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Cartain poisons act upon the: muscular tissue of the heart like alkalies; 
At present I haye not had time to investigate the whole series of 


action closely resembles that of the dilute alkaline and acid’ solutions 
respectively. 

Thus, antiarin and digitalin solutions produce an alteration in 
the condition of the muscular tissue of the apex irrespective of its 
pulsations, of the same nature as already. described in the case of the 
alkali solution, and at the same time cause a gradual lengthening of the 
time of full contraction in each beat when supplied to the beating apex 
or ventricle. On the other hand, a blood solution containing muscarin 
gradually lowers the height of each contraction in the case of the beating 
ventricle, and the, tracing of each beat. shows the pointed apex 
characteristic of the action of the lactic acid solution. 

_ The following experiments will serve as examples of the action of 


_ Oct. 27, 1879. Frog’s apex tied on cannula, and 0°75 p. c. salt, solution 


sent through at 22-c. m. pressure at 3.49 p.m, The apex did not beat 


spontaneously, and at 3.57 a solution of antiarin in salt solution (one part 
antiarin to 2,000 parts salt solution) was sent through at the same pressure. 
The lever rose steadily and slowly, reaching its highest point at 4.28, afler the 
solution had been passing through for 81 minutes, during which time only a 
single spontaneous contraction had occurred. Judging from the height to 
which the lever was raised by this spontaneous contraction, the maximum “‘idio- 
muscular contraction” due to the antiarin was, in this case, much less than the 
full contraction of the apex, for at 4.28 the lever had risen only 9 mm., while 
the spontaneous beat caused it to rise 25 mm. above its ah ge position. 
By a single sharp compression of the outflow tube between the finger and — 
thumb a single artificial contraction could always be produced. Fig. 4, Pl. I., 
shows the effect of the antiarin salt solution upon these artificial beats. The 
smaller of the two contractions fi was 9 directly after the apex. 
had been tied on, when the salt solution alone was passing through; the other 
one, when the antiarin solution had been flowing for 22 minutes. 


a so-called heart poisons, and cannot, therefore, say whether in all cases 
: where a systolic or diastolic standstill is produced, the muscular tissue: of 
3 the heart is affected in the same way as in the case of alkalies and acids 
: respectively. I have, however, made a sufficient number of experiments 
: with antiarin, digitalin, and muscarin to be able to assert that their 
\ 
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Oct 21, 1879. Frog’s apex on cannula. Solution of: defibrinated rabbit’s 
blood (one = blood to four parts salt solution) sent through at 20 c. m. 
pressure. e apex began to beat in 9 minutes, and continued beating with 
the blood solution, not regularly, but in small groups of beats. Thirty-six 
minutes after the apex was tied on the cannula an antiarin blood ‘solution 
(one part antiarin to 1,000 parts of the rabbit’s blood solution). was. sent 
through at the same pressure. In the original curve the gradual change in 
the character of each beat, together with the gradual production of the systolic 
_ standstill, was well shown. In Fig. 5, Pl. I., I have reproduced pieces of the 
original curve. 


"(At the arrow in the curve, a, the antiarin blood solution was turned 


Between the end of a and beginning of } there were 80 sec. and 33 beats. 


” ” a ” e ” 58 » No bea 

[but a gradual rise of the lever. 


‘Feb. 12, 1880. Apex on cannula, Bullock’s blood solution. (1 to.2 salt 
solution) sent through at 10 ¢,m, pressure, and after 28 minutes the apex 
began to beat. It beat, however, only for two minutes, and although the 

_ ‘pressure: was raised to 20 c..m.,it would not beat.agaif, but. remained quiescent 
in the relaxed condition. A .muscarin: blood solution was then sent. through 
(1 part muse. sulph. to: 2,000 parts blood: solution) at 20 ¢. m. pressure, and 
continued to flow through for 80°’ minutes. Throughout the whole time the 
remained. completely . relaxed . without . beati a the lever falling very 
slightly. A digitalin blood solution was: then sent through (1 part oa gh to 
4,000: parts blood solution), and the capacity of the apex slowly; and 
steadily to diminish. After this solution had flowed through for 23 minutes, 
at which time the cavity of the apex had become nearly closed without a “4, 
beat: having taken 0g the muscarin solution was again sent through. The 
gradually relaxed, and in 17 minutes was again fully dilated. The 
digitalin solution was turned on, and again a gradual, steady rise of the lever 
was seen, followed. by a steady fall to the position of relaxation upon again 
sending through the muscarin solution. te 


Feb, 12, 1880. Frog’s ventricle on cannula. Three solutions prepared, 
blood solution tt part bullock’s blood to 2 parts salt solution), muscarin 
blood solution (1 part musc. sulph to 2,000 parts blood solution), digitalin 
blood solution (1 part digitalin to 4,000 parts blood solution). Height of 
fluids above ventricle, 10 c.m. Height of outflow, about 3 c.m. helow level 

Blood. solution through at 8.20 p.m.  Ventricle beat 
character of the beat is represented in the first beat of Fig. 6, Pi. I1I. - ‘The 
muscarin blood solution was sent through at 3.34, and, as is shown in curve a, 
Fig. 6, the character of the beat began immediately to alter. The gradual 
alteration in the force and nature of the contractions as the muscarin solution 
continued to flow through, is represented in the first line of Fig.6. The 
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curves, a, b, c, d, ¢, f; are samples of the original curve taken at the 
following times ; a at 3.34 (the arrow shows when the muscarin solution 3 
to through), b at 8.87, ¢ 8.41, d at 3.46, e poor at 
ge in the original curve from a to f was perfect as as the 
character of each contraction is 
Another point could be noticed in the action of the muscarin solution. 
The rate of rhythm during the time that the muscarin solution was passing 
through was quicker than with the blood solution alone, until the force of the 
* contractions had diminished so much that the diastolic standstill was immi- 
nent. Also at first there was a strong tendency to grouping in the beats, as is 
shown at curve 6. This gave way, however, to a grea regular rhythm 
between ¢ and d, so that ¢ represents a portion of one of the last of the groups, 
while d, e, and f show the regularity of the rhythm at the times when they 
were taken. 
The blood solution was then sent through, and the strength of the con- 
tractions ually recovered, until at 4.23 the ventricle was beating as 
represented in the curve g. As is seen, the force of the contraction is nearly 
as great as with the blood solution originally, while each beat possesses a 
somewhat more pointed character than the original beats with the blood solu- 
tion. At the end of the curve g the digitalin blood solution was sent through, 
‘ and the pieces of curve, h, k, 1, m, , are samples taken every minute to show 
the gradual action of the digitalin solution. Thus the curve A begins one 
minute after the end of the curve g, & two minutes after the end of g, &c. 
i The third row of Fig. 6 is the direct continuation of the curve n, and is given 
t in fall in order to show tie mode of formation of the digitalin standstill, and 
: also the way the beats return upon sending through the artificial blood solu- 
tion at the point marked by an arrow. Just as the muscarin leaves behind it 
a beat with a more or less permanently pointed character, so the digitalin 
leaves its impress upon the nature of the contraction. Thus, after the blood 
solution had been passing through for 54 minutes, the character of the beats 
was as represented in the curve 0. The muscarin blood solution was then sent 
through, and the curves » and g show the nature of the beats.40 seconds and 
7 minutes after the commencement of the flow of muscarin blood. The digi- 
talin blood solution was then again turned through at the arrow in the curve 
g, and, as is seen, the digitalin quickly began to produce its characteristic 
effect. Again the muscarin blood solution was sent through, and the beats 
changed steadily from the flat-topped to the pointed character, as is seen in 
curve r, which represents the contractions after the muscarin solution had 
been passing through for 14 minute. At the arrow in the curve r the 
digitalin solution was again sent through, and in 14 minute the contractions 
Were as represented in the curve s. | 


_ As far as can be judged from this experiment, the digitalin and mus- 

_ carin blood solutions act in directions opposed to each other much in the 
same way as the sod. hydrate and lactic salt solutions. ag 
From these experiments and from those of Bowditch’ and Ringer 
and Morshead? it seems clear that muscarin produces its effect upon 


Ludwig’s Arbeiten, 1871. 
2 Journ. Physiol., Vol. 11., p. 235. 
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the heart by its action upon the muscular tissue, rather than by the 
excitation of any inhibitory apparatus, and the last two experiments 
point to the conclusion that digitalin and muscarin are antagonistic in 
their action to the same extent as dilute alkaline and acid solutions. 
Further experiments must prove how far such an antagonism really 
exists, as at present my experiments are too few to justify me in express- 
ing a decided opinion on this point. So, too, with respect to pilocarpin 
and atropin, I have as yet only made isolated observations upon their 
action on the muscular tissue of the apex, and, therefore, can only say that 
pilocarpin appears to resemble muscarin, while atropin acts in the same 
direction as an alkaline solution, but apparently much less powerfully. 
As instances of the nature of the atropin action upon the beating and 
non-beating apex when compared with salt solution alone, I give the two 
following examples :— | 


‘Nov. 4, 1879. Frog’s apex on cannula; salt solution (0°75 p. c.) and 
atropin salt solution (1 atrop. sulph. to 1,000 parts salt solution) placed 
in funnels, and level of fluid kept constant at 20 c. m. above heart. % 
Salt solution allowed to flow at 3.45 p.m. At 3.58 apex began to beat 
spontaneously with the salt solution alone ; the spontaneous were few and 
far between ; at 4.2 the atropin solution was sent through, the lever rose 
slightly and a series of spontaneous beats took place. At 4.17 the salt solution 
was turned through, the lever began immediately to fall and spontaneous beats 
of the type shown in the first part of Fig. 7, Pl. III., were obtained. At 
4.20 the atropin solution was again sent through, the lever immediately rose 
and the nature of the beats, as well as the rise of the lever, is shown im the 
second part of Fig. 7, Pl. III. age salt solution flowed through, and 
immediately the lever fell and the became more pointed ; and lastly the 
atropin was again sent in, and the lever rose as before and the separate 
contractions became more flat-topped. | | 


Nov. 18, 1879. Apex of frog’s heart on cannula; frog had been pithed 
some time, heart was large, distended with venous blood, scarcely beating. 
Salt solution (0°75 p. c.) and atropin salt solution (1 part atropin to 5,000 
solution) in funnels, with level of fluid constant at 13 c. m. above heart. 
Salt. solution sent through at 1.20 p.m., apex remained fully distended and 
motionless. At 1.42 the atropin salt solution was allowed to flow through, 
and the lever rose very slowly and steadily, so that at 2.6, ¢.¢., in 24 minutes, 
it had risen 8°5 mm. without the occurrence of a single beat, Upon then 
turning the salt solution through the lever slowly fell, and at 2.16 reached 
its original level. Again the same atropin solution was allowed to flow 
thie the lever again slowly rose, and at 2.34 had risen very nearly the same 
amount as before, 4.¢., 8 mm. During this 18 minutes 8 spontaneous beats 
took place, If one can at all judge from the height the lever was raised by 
these contractions the diminution in size of the apex cavity due to the atropin 
was legs than half the complete closure of the cavity. | ‘5 
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sf VI. “Alkaline and avid solutions act upon i i of the smaller arteries 


in the same the cardiac muscle, 


hoste, I have made use of the same two fluids, viz., one: naa ‘ia 
hydrate to 10,000 or 20,000 parts salt solution, and one sat lactic acid 
to 10,000 or 18,000 parts salt solution, to prove the above proposition. 
The experiments were mainly conducted on the arteries of the mylohyoid 
muscle, but were confirmed by the action of the fluids on the mesenteric 
arteries and the vessels of the whole leg of the frog. 

In the case of the mylohyoid, the method of iaseadiiesion was as 


follows :—The frog was pithed, the heart exposed, and the right my- 


lohyoid muscle placed under the microscope in the way described in my 


_ former paper’; a cannula in connection with the same arrangement of 
funnels as described above was then tied in the right ‘systemic’ aorta, 


the left aortic arch ligatured, and the abdominal vein cut, or an incision 
made in the sinus venosus to allow the escape of the fluids sent through. 
In this way the different solutions were sent through the muscle at a 

constant pressure, while at the same time the modification of the heart’s 
action caused by any particular solution was prevented from having any 
effect upon the calibre of the blood vessels. The level of the fluid in the 
funnels was, in the majority of the experiments, 25 c. m. above the cannula 
in the aorta; normal saline solution (0°75 p. c.) was always first sent 
through in onder to remove the frog’s own blood, and to make sure that 


the fluid flowed freely through the muscle, The mylohyoid nerve was 


usually cut, in addition to the operation of pithing, in order to be certain 
of the removal of all central nervous influence. Besides the measurement 
of the size of the arteries in the muscle, a rough estimate of the com- 
parative dilation or constriction of the vessels throughout the body could 
be obtained by observing whether the drops that fell from the stand on 
which the body of the frog was laid followed one another more quickly 
at one time than another. From a large number of or that I 

have made in this way I find that 


1. The salt solution alone produces no absolutely definite effect. In 
the majority of cases the calibre of the artery observed diminished as 
= solution removed the blood in the vessels (owing to the previous 


1- Journ. Anat. § Physiol., XI., p. 720. 
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operations, the vessels are usually somewhat, in many cases considerably, 
dilated at the beginning of the experiment). In other cases the calibre 
remained unaltered, or might even enlarge slightly as the solution passed 
through. in 


2. With the lactic acid solution the calibre wie always enlarged, — 


and the fluid dropped more freely from the body of the animal. 


3. With the alkaline solution the artery always diminished in size, 
usually to absolute closure, and at the same time the fluid dropped very 


much more slowly ; sometimes, indeed, the arterial constriction through- 
out the body was so great that the fluid entirely ceased to flow. This. 


universal constriction was, I think, often, if not always, due to a complete 

closure of the larger arterial trunks, for I have occasionally noticed that, 

when the alkaline solution is sent through after the salt solution alone 

the circulation in the muscle suddenly ceases while the smaller arteries 

are still open, and stray corpuscles are seen moving from the veins to the 

arteries, as though some obstacle to the circulation existed between the 
cannula and the muscle. 


| The following is a typical example of the behaviour of the muscle 

arteries with the acid and alkali solutions. The figures denote the 
divisions of the scale of the micrometer eye-piece, and with the power 
used each unit corresponds to an actual size of ;}; mm. 


Dec. 9, 1878. Frog pithed, heart exposed, right mylohyoid muscle under 
the Gireulation in muscle very good, clear, somewhat 
dilated. A place was chosen where an artery divided into a small and large 
branch, both branches were observed, the small one only measured. It 
measured 5, with a vigorous circulation in it. 

The cannula, in connection with three funnels containing 0°75 p. ¢, salt 
solution, 1 sod, hydrate to 10,000 salt solution, and 1 lactic acid to 13,000 
salt solution, was then tied into the right systemic aorta ; the left aortic arch 
was tied, and an incision made in the sinus venosus. The height of the fluids 
in the fannels above the cannula was 25c.m. _ 

The salt solution was sent through at 3.8 and the blood in the muscle was 
seen to be washing out well. . 


Fluid. Time. Size of Artery. 
Salt solution. 
| 
is” 4 All corpuscles gone. 


14: 3 Edges uneven. 
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Lactic solution was now sent through. wine 
Opening. 
| 15.5 5 
| 16 55 
| 6 
18 6 
19 6 
20 6 
alt solution was turned through. 
> 20.5 6 
21 6 
22 6 
24 5°5 
27 5 
Alkaline solution was sent through. | 
29 45 Uneven edges. 
$2 Closed. 
Salt solution through. 
i 34 Closed. 
35 _ Nearly closed. ; 
36 Under 8 nearly closed. 
37 do. | 
do. 
39 do. 
e 40 
Lactic through. 
41 4 
42. 5 
43 5'5 
44 
45 6°75 
Salt solution through. 
46 5°5 


49 5°75 
50: 5°5 
52 5°5 
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Time Size of Artery. q 
8.58 4 
54 Barely 3. 
55 Closed, 
56 Closed. 
57 Closed | 
Salt solution through. 
58 Closed. 
59  GOlosed.. . 
he 4 nearly 
‘lies 
Lactic through. 
5 
) 6 : 
6 
10 
11. Nearly 7 
et 12 Over 6 
Salt solution through. 
6 
6 
18... 6 
20. 6 
21 6 


The larger branch behaved in exactly the same way as the one measured, 
being absolutely closed with the alkaline and fully dilated with the acid solu- 
tion. At the same time the fluid dropped freely from the frog when the acid 
solution or salt solution after the acid was ps, a ia and very slowly ¥ 
with the alkaline solution or salt solution after the i. | 


This experiment shows clearly that. the muscles of the smaller arteries 
react to these very dilute acid or alkali solutions in precisely the same 
way as the cardiac muscle. In each case the acid solution produces a 
condition of relaxation which is not recoverable by the action of salt 
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solution alone; and ‘a condition of constriction with the alkali solution 
which is only’ slowly removed by the salt solution, but much more 
rapidly and completely by the acid. 

As might have been concluded from the different rates of flow from 
the body of the frog when the different solutions were sent through, 
other methods of experimentation give precisely similar results: thus, 
if the fluids be sent through the legs of the frog by means of a cannula 
in the abdominal aorta just above its bifurcation, and, the rest of the 


- body being cut away, the rate of flow be measured by counting the 


number of drops per minute that fall from the open abdominal and 
pelvic veins, it is always found that the rate is much diminished by the 
alkaline and increased by the acid solution ; so, too, if the mesentery 
be spread under the microscope, and the fluids be dropped on to it, the 
arteries are seen to constrict with an alkaline fluid, and to dilate again 
with an acid solution. | 

With respect to the action of other acids, I have as yet made only 

a single experiment with acetic acid (1 acetic acid to 10,000 salt 
~olabiea and in this experiment the arteries of the aiylohyold muscle 
dilated fully as the acid passed ee in the same way as with the 
lactic acid solutions. 


Conclusions from the foregoing experiments. 


From what .J have already proved, certain conclusions of great. 
importance for the explanation of various problems connected with the 
vascular system seem to me to be deducible. Hitherto one has always 
looked upon the condition of the heart and the tonicity of the smaller 
arteries as chiefly regulated by the action of various nervous mechanisms, 
without paying much attention to the nature of the fluid surrounding 
their muscular fibres. The results recorded above would seem to show 
that this latter cannot be neglected, and that one factor upon which 
the state of constriction of the muscles both of the heart and arteries 
depends is the extent of the alkalinity of the fluid surrounding them. 
Now since a very dilute alkaline solution produces a constrictive effect 
upon the muscular tissue of the heart and arteries, which lasts as long 
as the solution is in contact with those tissues, one may advantageously 
speak of the action of the alkali as the production of a “tonic” con- 
dition of the contractile tissue ; while, on the other hand, the dilute 
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lactic, acid solution, causes. an: ‘‘atonic’’ condition of that tissue. . Tho 
expression “ tonic. condition.” seems to me preferable. to. the term “ idio- 
muscular contraction,” because it does not prejudge the question of the 
nature of the phenomenon expressed by it to the same extent as the 
latter, In the case of ordinary striated muscle, as well as of the muscles 
of the smaller arteries, the word “tone”’ is used to. express something 
which in many respects.is different to what is meant by. the term 
“contraction,” One can then say that the presence of an alkaline fluid 
must tend to keep. the cardiac and arterial muscles in a state of tonicity, 
and that upon the extent of the eeationy the amount of tonicity will, in 
part, at.allevents,depend. 

Now in all the organs of the body. we are confronted with Ne 
invariable facts—the one, that the lymph. fluid: of all’ tissues in the 
condition of inactivity is. alkaline, and the other, that the natural 
activity of an organ is invariably accompanied by. a dilation of its 
blood vessels. This latter fact has always been explained as due to a 
reflex action of: the nerves governing the blood vessels, although, as 
pointed out by Huizinga’, this. view leads. directly to the assumption 

that the hypothetical peripheral ganglia supposed to be situated in the 
| blood vessels can themselves be the seat of the reflex action. 

Before ascribing to these possibly non-existent ganglion cells fanc- 
tions which can hardly yet be considered as satisfactorily proved to be 
the property of any sporadic ganglion cells (for the reflex. function both 
of the heart ganglia and of the submaxillary ganglion is, to say the 
least, of it, decidedly doubtful), it is surely worth while to see whether 
it is not possible. that the chemical. changes going on in the organ itself 
may not. directly. bring about. a dilation of the blood: vessels. of that 
organ, and so, without the intervention of the nervous system, regulate | 
its own blood supply. according to its own needs. In other words, is it 
possible. that the chemical changes occurring in the organ itself during 
its activity may affect the state.of its blood. vessels ; and if so, how can 
we conceive such action to take place? oa 

We know that the interchange of material belwrean the blood and 
the tissue cell is continually going on, not only during the activity of 
the tissne but also during tho state of rest; new material is being 
formed, old material broken up, and, in the, shape of what are called — 
the waste products.of the, tissue, discharged from it. There must, then, 
be in continual, operation throughout the body, not only a process of 
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reparation, but also a process of excretion; and the activity of the 
tissue which denotes an increased metabolism in that tissue must there- 
_ fore be characterized by a greater formation of these waste products, and 
consequently the amount of them discharged during a state of activity 
must be greater than during the state of rest. If these products are to 
be removed, they must necessarily pass into the fluid which bathes all 
the tissue elements of the body, into, that is to say, the commencement 
of the lymph system of the particular organ in question ; from this fluid 
they may pass away in two directions, either through the capillaries 
into the blood system direct, or else with the lymph fluid into the larger 
lymphatics, and so ultimately into the blood. It is then, it seems to me, 
not unreasonable to assert that, in every case of activity of an organ, 
the lymph fluid of that organ must be modified in composition by the 
access of these decomposition products. The question, therefore, arises, 
Is this modification of the tissue fluid likely or able to influence the 
calibre of the blood vessels of the tissue in question ? 

With respect to the capillaries Severini' answers in the siieriuaive, 
and argues that the CQ, formed by the activity of the tissue brings about 
such an alteration of shape in the nuclei of Golubew as to cause an 
enlargement of the calibre of the capillaries, while, on the other hand, the 
action of O is just the reverse, the nuclei become more spherical, project to 
a greater distance into the lumen of the capillary, and so the calibre is 
lessened. According to him the amount of dilation depends upon the 
relative proportions of O and CO, in the blood at the time. However 
this may be, it alone is clearly insufficient to account for the dilation of 
the vessels of any organ during its activity, and its insufficiency is 
plainly shown by my observation that the smaller arteries of the 
mylohyoid muscle dilate when the muscle contracts. Any satisfactory 
explanation of the vascular dilation accompanying the activity of an 
organ that is based upon the action of the excretory products of the — 
tissue itself, must deal with the enlargement of the smaller arteries and 
not only with the calibre of the capillaries. Is there then any likelihood 
that the muscles of the smaller arteries should be affected by the nature 
of the lymph fluid of the tissue they supply? From what is known of 
the structure of the arterioles it seems highly probable that such must be 
the case. We find in them an inner elastic membrane intervening 
between the blood stream and the well developed muscular layer, while 
the outer elastic layer is absent, the adventitia lying immediately against 


1 Innerv. d. Vas. Sang. Perugia, 1878. 
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the muscular coat. This adventitia is composed of loosely compacted 
fibres containing spaces within their meshes which are in all probability 
continuous with the lymph spaces of the ‘tissue itself. With such an 
arrangement as this it seems highly probable that the naked muscular 
fibres of the smaller arteries must be continually bathed by the lymph 
fluid of the tissue they supply, and that it is the constitution of this fluid 
which must influence them rather than saa of the blood circulating in 
their interior. 

Now, in all organs during the state of x rest the muscle fibres of these 
smaller arteries are in a state of tonicity due to the influence of the 
vasomotor centre, and also from what I have already proved to the 
alkalinity of the lymph fluid. One cause then which would necessarily 
bring about a diminution of this tonicity, ¢.¢., a dilation of the artery, 
must be any diminution in the alkalinity of the lymph fluid, and the 
dilation from this cause would be the greatest possible if the fluid were 
to become acid instead of alkaline. 

That such a diminution of alkalinity must occur in the case of 
ondiianas muscular contraction seems in the highest degree probable. 
With respect to other organs the production of an acid during. the 
activity of the organ is not so definitely proved as in the case of muscle, 
although from the similarity between the essential phenomena manifested 
by the protoplasmic substances of the body, it would be more reasonable 
to expect that such a production did take place than not. In the case of 
the grey matter of the central nervous system an acid—apparently lactic 
acid—is set free very readily, and in the case of the pancreas an observa- 
tion of Heidenhain points strongly to the production of some acid 
during the activity of the glard, for he shows that the presence of an 
acid is favourable to the conversion of zymogen into ferment, which 
naturally leads to the suggestion that the activity of the gland cell, like 
that of the muscle cell, is characterized by the formation of an acid, and 
that the presence of this acid assists in the production of the ferment. 
If this is true in the case of the pancreas it is probably true of other 
glandular organs, so that this observation lends great weight to my 
supposition that a diminution of alkalinity takes place in the lymph fluid 
of all tissues when the tissue is in a state of activity. 

Again, according to recent experiments by Klug', the presence of 
oxygen is favourable to the normal vigorous pulsations of the ventricle, 
while a superabundance of carbonic acid in the blood used quickly — 


1 Arch. Anat. Phys. (Phys, Abth.), 1879, p. 435. 
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reduces “thé ‘height’ of thé pulsations’ ‘and’ brings’ about a ‘diastolic 

standstill ; atid) further, actording"to Adamkiewicz", the oxydation 

processés ‘the body ‘are’ greatly assisted ‘by the alkalinity of 
the tissue fluids. ‘Throughout’ the: whole vascular ‘system, then, there is 

evidencé to’ show that its’ normal ’ tonicity and ‘rhythmical action are 

dependent 'in’ part upon the due ‘oxygenation and alkalinity of the fluid 

supplied ‘to its ‘muscular tissues, while, on the other hand, the tonicity 

cannot be maintained or the rhythmical action continued when that'fluid | 
is overcharged with such metamorphosis as and 

carbonié ‘acids. 

Farther; in the case of the bisa one ‘rials suggest that the nornial 
beat depends partly upon the maintenance of a due tonic condition of 
the muscular tissue. ‘That'tissue is capable of variation between two 
extreme conditions, that of extreme “ atonicity,” ‘which gives rise to 
thé phenomenon known as’ “diastolic,” or I should prefer to call it~ 
“atonic,” standstill, and that ‘of extreme “ tonicity,’’ characterized by 
the “ systolic” or “ tonic” standstill. Between these two extremes the 
muscular tissue is capable of spontaneous visible pulsations, which 
vary in character, according as the condition of the muscle approaches 
the one or the other extreme. Thus, if one considers that the normal 
condition of the ventricular muscle is such that the relaxation between 
the separate contractions is nearly complete, and the cavity of the 
ventricle is absolutely closed for a definite time during each contraction, — 
then, with a greater tonicity of the muscle, the cavity of the ventricle 
would be closed for a longer time during each ‘systole, and the relaxation 
would be less complete during each diastole. On the other hand, with 
a more atonic condition, the force of each contraction would be diminished, 
the cavity of the ventricle ‘no longer closed, while the relaxation during 
the diastole would be as great or even greater than in the normal 
condition. Conversely, one might argue that an “atonic” condition of 
the cardiac musclé has been produced, when, in consequence of some 
operation, the tissue remains completely relaxed and incapable of 
spontaneous pulsations, although still able to contract upon artificial 
stimulation. According, then, to this view, it would be possible to say 
that the effect of the ligature round the ventricle when the apex is tied 
on the cannula is to inhibit the natural spontaneous apex beats by the 
production of such a complete atonic condition of the muscular tissue of 
the apex, and the effect of the alkaline blood solution is to gradually 


’ Arch. f Anat. u. Phys. (Phys. Abth.), 1879, p. 870. 
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improve the tonicity, until at last the muscle is able to respond to the 
combined action of the blood solution and the pressure within the cavity, 
and spontaneous pulsations result, =~ 

If this hypothesis is true, experiment ought to confirm it in ‘wo | 
ways. Firstly, from the time of tying on the apex until some time 
after pulsations have commenced the lever ought steadily to rise, owing 
to the improvement in the condition of the tissue by the blood solution ; 
and secondly, the first pulsations should be feebler, and present a more 
pointed appearance, than those that occur later. 

Now both these phenomena do occur: in the majority of cases the 
lever does rise slightly as the blood flows through, and the first beats 
that oceur, whether spontaneous or artificially produced (by a single 
sharp compression of the outflow tube), are less forcible and more pointed 
in character than subsequent beats. At first sight, then, it would 
appear that experiment fully bears out the hypothesis suggested ; 
another possible explanation of the slight rise of the lever observed has, — 
however, quite recently occurred to me, viz., that it might be due to a 
very slight cooling down of the oil in the apparatus, and not to any 
variation in the capacity of the apex cavity, and upon investigation I 
find that the whole apparatus is extremely sensitive to changes of 
temperature: a slight variation in the temperature of the room, the 
heat of the hand placed for a very short time on the outside of the bottle 
in which the heart is suspended, &c., all cause a distinct slight move- 
ment of the lever in the upwards or downwards direction, according as 
the oil contracts or expands. At present, therefore, I prefer to leave it 
doubtful whether any such rise of the lever isin reality due to the tonic 
action of the blood solution ; at the same time, that such an action does 
truly exist seems highly probable from the circumstance that the beats 
do alter in character under the influence of the blood solution in the 
same direction as during the tonic action of the alkali solution. This 
alteration in the character of the beat is seen in Fig. 8, Pl. I., where 
the lower of the two beats was artificially produced by compression of 
the outflow tube at 1.43 p.m., i.c., eighteen minutes after the apex had 
been tied on; and the upper one was caused in the same way at 2.20 
p.m., after the blood solution had passed through for fifty-five minutes. 
As the curves are drawn to the same abscissa line, they show not only 
the greater height and longer systole of the second contraction, but also 
the rise of the lever as the blood passed through. The change in the 
character of the natural pulsations is most evident in those cases where 
the whole ventricle has been tied on the cannula, and, in consequence 
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of the operation, has remained for a time quiescent in the relaxed con- 
dition similar to what always occurs when the apex alone is tied on. 
The following is the most marked instance that I have seen :-— 


- 21st Nov., 1879. Ventricle on cannula. Sheep’s blood solution (1 part 
to 2 parts. salt solution) in funnel; the level of the fluid kept constant at 
8 c. m. above ventricle. Ventricle not beating when placed in the oil at 2.35 — 
_ p.m. Tracing began immediately, and at 2.37 the first contraction occurred ; 

the first tracing in Fig. 9, Pl. III., represents this beat. As the blood 
solution continued to flow through, the lever rose steadily, and the beats 

improved in foree. The second tracing represents the amount, of the rise of 
the lever and the nature of the contraction at 2°40. Between the first and 
second tracing six beats had occurred. The last tracing in Fig. 9, Pl. III., 
shows the ultimate rise of the lever and the ultimate force and character of 
the beat attained. 


' As I have already said, I have used the term “tonic condition ”’ to 
express the action of alkalies, digitalin, antiarin, &c., upon the muscular 
tissue of the heart and arteries, simply for want of a better. } 
_ What the exact nature of this action is, it is impossible to say. 
There are, as far as I can find, at present three separate views of the pro- 
duction of a systolic standstill. Thus, to take the case of digitalin :— 


1, The digitalin may act as a stimulus to the contractile tissue,andso = 


cause an idio-muscular contraction. According to this view, the “ tonic 
condition ” would be strictly a condition of greater or less contraction. 


2. It may act by its mere presence in such a way as to alter the 
elasticity of the contractile material, although at the same time it does 
not enter into combination with that tissue (Schmiedeberg). 


3. It may alter the contractile material by entering into combination 
with it, and so forming a new substance of different molecular consti- 
tution, which yet possesses the power of contraction. It is impossible 
definitely to decide between the first two theories, because there is no 
satisfactory test capable of deciding between an increased elasticity and 
a contracted condition of the cardiac muscle. Roy: has already discussed 
the question, and concludes that for digitalin the evidence is in favour 
of an “ idio-muscular contraction,” rather than an increase of elasticity. 
I have attempted by the same method to decide the question for the. 
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“tonic condition” caused by sodium hydrate, antiarin, and digitalin, 
but hitherto without success. The results were too variable to draw any 
definite conclusions from them, and all one can say is, that there is this 
,2mount of resemblance between the contracted and “tonic” conditions 
of the ventricular muscle, viz., in each case the maximum increase 
of distension caused by equal increments of pressure occurs between 
two pressures decidedly higher than the two which give the maximum 
increase of distension in the relaxed condition of the ventricle. 

The third theory is a very attractive one, although at present it can 
only be looked upon as the merest hypothesis; the argument would be of 
the following description :— 

The contractile tissue of the whole vascular ni possesses a con- 
stituent which is capable of entering into a more or less stable combina- 
tion with two groups of: substances, of which alkalies and acids are the 
respective types. Further, the physical. peculiarities of the contractile 
tissue vary according to the nature and extent of such combination, 
while the power of contraction is not lost until certain limits in either 
direction are overpassed. 

Schmiedeberg’ argues, in the case of digitoxin, against the 
hypothesis of a direct combination of the alkaloid with the muscular 
tissue of the heart, that the amount of digitoxin which is capable of 
producing d tonic standstill is so exceedingly small that one cannot 
imagine it sufficient to combine with the whole muscular tissue of the 
heart. His experiment is that if 0:1 mgrms, of digitoxin be injected 
under the skin of the frog, that amount is sufficient to produce systolic 
standstill. Therefore, dividing this equally over the body, we have only 
00005 mgrms. for the heart, an amount so small in comparison to the 
muscular tissue of the heart that one cannot imagine its effect is produced 
by combination with that tissue. Clearly, however, the argument is 
erroneous, for the whole of that amount injected which passes through 
the tissues at all must first pass through the heart, and, therefore, the 
heart must be affected by the poison to a much greater extent than the 
other tissues. 

A more important objection can be urged from the recent experiments 
of Rossbach and v. Anrep*. According to them, sodium compounds 
produce no “tonic condition” of the ordinary striated muscle, while 
digitalin produces a lengthening rather than a shortening of the muscular 
fibre. If these experiments are confirmed, the arguments in favour of a 


1 Ludwig’s Fesigabe. 
Pfliiger’s Archiv, Vol. xxr., p. 240. 
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direct combination of digitalin with the contractile material would lose 
a good deal of weight, for one cannot conceive that the cardiac or 
vascular muscle should be able to form a compound possessing physical 
peculiarities diametrically opposed to the compound formed in Oy 
muscle under similar circumstances. 

My chief object in writing this paper has been, however, not so much 
to discuss the meaning of the systolic standstill as to draw attention as 
strongly as possible to the “ tonic” and “atonic” condition of the whole 
vascular system produced by very dilute solutions of alkalies and acids 
respectively. - How far the facts and suggestions of this paper may 
modify the present views of the action of the inhibitory nerves of the 
vascular system, of the nature of the recovery of tonicity after removal 
from the central nervous system, and of the action of alkaline medicines 
and digitalis in the febrile state, I must mre to another paper which I 
‘hope before long’ to be able to publish | 


DESORIPTION OF FIGURES. PLATES L, IL, MIL. 


All the parts of all the figures to the same abscissa line with 
the exception of Fig. 4. The divisions on each abscissa line aie to 
intervals of 5 seconds. | 


Fig. 1._ March 1, 1879. The formation of the alkaline standstill. The 
sodium hydrate solution was sent through the beating ventricle at the place 
marked by an arrow. 


_ Fig. 2... March 1,1879. The formation of the lactic wld standstill. ~The 
acid solution was sent through at the point marked by an arrow. Riese 


Fig. 8.. March 15, 1879. ‘The antagonism between the alkaline and acid 
solutions upon the beating ventricle. The conditions of the experiment were 
the same as in Figs. 1 and 2, except that the strength of the lactic acid 
solution was 1 part lactic acid to 20,000 parts salt solution. 


Fig, 4. Oct, 27, 1879. The action a) antiarin upon the wily 
produced apex contraction. | 


Fig. 5. Oct. 21, 1879. The formation of the antiarin standstill in the 
case of the beating apex. 
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Fig. 6. Feb. 12, 1880. ‘The formation of the muscarin and digitalin 


standstills in the case of the beating ventricle. 


Fig. 7. Nov. 4, 1879. The action of atropin upon the apex when beating 
the influence of solution alone. 


Fig. 8. Nov..5, 1879. The alteration in the capacity of the apex cavity 
and in the character of the artificially produced apex contraction under the 
influence of the artificial blood solution. 


Fig. 9. Nov. 21, 1879, Shows the alteration in the spontaneous 
ventricular contractions, caused by the artificial blood solution. 


> 
a 
4 
& 
“x 
5 
~ 
fer: 
ag 
Ry 
a 


A CONTRIBUTION TO THE STUDY OF INFLAMMATION 
AS ILLUSTRATED BY INDUCED KERATITIS. By 
WILLIAM COUNCILMAN, M.D. (Plate IV.) _ 


(From the of the Johns Hopkins University.) 


_ Ir would be useless to attempt to give here any but the briefest sketch 
of the views which have been held concerning the origin of pus and 
the nature of the cellular changes occurring in inflammation since the 
time of the establishment of the cell theory. A mere recapitulation 
of the articles written on this subject in the decade of ’60—’70 would 
fill pages. I will, however, briefly glance at some of the more gsias 
ideas which have ‘best or are held with reference to it. 

Rokitansky was one of the first to appear in this field of litera- 
ture. He, in accordance with the cell theory of Schwann (that is, 
- the free cell formation doctrine), assumed that the pus corpuscles were 
formed in the exudation which played the part of the blastema. These 
ideas prevailed generally until 1855, when Virchow was led, from his 
knowledge of the connective tissue corpuscle, to dispute the free cell 
formation, and to apply the law “ Omnis cellula e cellula”’ to patholo- 
gical new formations. Virchow held that the pus cell was the direct 
derivative of the connective tissue corpuscle, because, wherever he found 
pus he also found connective tissue in some of its forms; and since he 
was obliged from. his views to have some cell as the parent of the ag 
cell, he took the connective tissue corpuscle. 

Strickes appears as the latest, and certainly the ablest, defindee of 
these views, though they have undergone essential modifications at his 
hands. He says that the cells of a tissue, when inflamed, return to their 
former undifferentiated embryonic condition, become amoeboid, and 
possess the power of dividing indefinitely. This property holds good for | 
all tissues equally; no matter whether muscle, gland, or ganglion cell, 
they all can undergo this change and become converted into pus. He 
holds also that, when the cells return to the embryonic condition, they 
again become capable of differentiation, and that blood vessels, and even 
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blood corpuscles, are formed in an inflamed part in the same manner as 
in the embryo. Against these views we have what is known as the 
‘wandering cell’’ theory, which assumes that the pus cells are white 
blood corpuscles which have escaped from the vessels. Waller had, as 
early as 1848", observed the passage of the white corpuscles through the — 


walls of the vessels....At. that time his observations attracted but little 


attention, and were generally distrusted. Cohnheim in 1868” firmly 
established the fact that the white corpuscles did pass through the vas- 
cular walls, and, as the result of his study of the inflammatory processes 
in the frog’s cornea, tongue, and ape I, asserted that the pus cells 
are white blood corpuscles. | 

From his study of keratitis, peineigally induced by cauterizing the 
centre of the frog’s cornea with silver nitrate, he found that, however 
great the number of pus cells in the inflamed tissue might bs, the fixed 
corneal corpuscles with their processes were unchanged ; that the nuclei 
of the corneal corpuscles did not increase ; that the clouding of the 
cornea always began at the periphery and ree there advanced to the 
centre ; that after the injection of pigment granules into the blood some 
of the pus cells in the cornea were found with similar granules in their 
bodies. From-these four circumstances, supported by the direct know- 
ledge that the white corpuscles in inflammation did escape through the — 
vessels in large numbers, he concluded that the pus corpuscles were not 
derived from the fixed cells of the cornea, but had wandered in from 
without. Stricker, as the result of observations made on the frog’s 
cornea and on the cornea of the cat, asserts that the three first ‘argu- - 
ments are based upon imperfect observations, and that the conclusion 
formed from the fourth is illegitimate. According to Stricker, the 
fixed corpuscles do undergo change, their nuclei increase, and the 
clouding always begins where the injury was inflicted. With regard to _ 
the presence of pigment-bearing pus cells in the inflamed cornea after — 
the previous injection of pigment into the blood, he thinks the granules 
could have passed through the walls of the vessels as easily as the blood 
corpuscles and have been carried by the lymph streams into the cornea. 
There they could easily have been taken up by pus cells which were 
already produced by multiplication from the corneal corpuscles. 


Here f may remark that the passage of solid dead particles see 
the walls ofa blood vessel without being carried through ie the white blood 
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corpuscles, easily as Stricker thinks it could happen, has up to this 
time been. seen.and described by no one... That. Cohnheim’s descrip- 
tion does not hold. good for all..cases of induced keratitis, even on the 
frog’s cornea, is ceftain ; but. the differences. can be easily reconciled. 
Stricker bases nearly all his views of inflammation and of inflammatory 
new formations on his study of keratitis; I shall, I think, be able to show 
in. this paper that these views, certainly as far as keratitis is concerned, 
are erroneous, and may boseihly be due; even in his case, to imperfect | 
observations. 

I can only excuse my in upon a field of resparoh in 
which so many and distinguished investigators have laboured, by. the 
fact. that. when endeavouring to satisfy myself of the correctness of 
Stricker’s views on the subject, I obtained, after nearly a year’s steady 
work, results which lead to conclusions utterly at variance with his, but 
which I think go far towards clearing.up some of those points in the 
| pathology of keratitis over which there has been most contention. 

_ The corneas of the frog and of the cat have been principally used in 
my investigations ; the latter animal being chosen for studying the pro- 
cesses in the mammal from the advantages its cornea offers over many 
others for investigation, es yin the readiness with which it can 
be: split into layers. 

The structure of the normal cornea has been hareighly investigated 
by various observers in recent years. _We know that its proper tissue 
is lamellated, and consists of flattened branched cells embedded in inter- — 
. communicating centres (the.serous canaliculi) hollowed out.in an inter- 
cellular fibrillated ground substance, which makes up the larger portion 
of the corneal mass ; that the tissue is well supplied with nerves arranged 
in plexuses which become finer towards the conjunctival surface ; that 
with hematoxylin or gold the cells stain and are seen to communicate 
by their branches ; and that with silver nitrate the ground substance 
is tinted, while the cells and cell :spaces are left. unstained.. Hama- 
toxylin aleo stains the nerves, while with silver preparations the lymph 
channels in which the larger ones ‘run are seen as colourless lines. 

We also find, even-in the normal.cornea, another set.of cells, which — 
cannot be considered a part of its fixed histological elements. Their 
numbers are variable ; in some corneas very abundant, in others few: in 
animals of the same species sometimes they are found. in greater numbers 
at one portion of the tissue, sometimes at another: In fresh preparations 
they can be seen to pass by active ameboid movements from one place — 
to another, and they never, so far as we can see, stand in any fixed his- 
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tological relation to the other elements of the tissue; these are the “ wan- 
dering cells.” ‘Their position is not at all constant; sometimes we find 
them lying in the cell space along with the branched corpuscles, sometimes 
in the narrow communication between two spaces, sometimes as long 
drawn out rods in the tissue between the fibres (, Fig. 1, Pl. [V.), some- 
times in the nerve lymph channels, and in one preparation I have been so 
_ fortunate as to get one seemingly in the act of passing from the nerve 
channel into a cell space communicating with this, half of its body 
lying in the channel and half in the space. They can be clearly dis- 
tinguished from the branched corpuscles both in the fresh condition and 
when stained; they are much smaller, and with the usual reagents they 
stain more brilliantly than the others. In fresh preparations in aqueous 
humour they are easily recognized by their amoeboid movements, their 
greater index of refraction, and their granular contents. — 


So much for the normal cornea. We will now take up the. ditho- 
logical changes’ which occur after an acute keratitis has been wanes, 
commencing with those seen in the frog’s cornea. 

I have employed various means for exciting inflammation here, The 
passing of a thread through the centre of the cornea and bringing it out 
through the sclerotic, the application of various caustics, such as croton oil, 
silver nitrate, caustic potassa, and the hot iron (actual cautery). With 
few exceptions they produce results relative to the ‘severity of the sti- 
mulus used. Agents such as the hot iron, which at once kill the tissues 
with which they come in contact, will, of course, produce less inflammation 
in surrounding parts than those like the thread, whose action is.more 
or less gradual. “A method which I have used on the frog’s cornea 
with excellent results has been to pass a thread through the membrana 
nictitans and then make several pricks in the cornea with a needle. The 
inflammation produced by this method will be discussed separately, since — 
results are in this way ae which at first seem pepenng: 


As one of the most typical, I will take a cornea inhi: daagiiontin 
inflamed by touching it at the centre with a crystal of silver nitrate. 

This may be examined after various intervals of time have elapsed, 
both in the fresh condition and ‘after staining. About twenty hours 
from the application of the caustic the most important changes can be 
seen. To examine fresh, it is necessary to puncture the sound eye and 
collect the aqueous humour on a slide; the inflamed cornea is then care- 
fully excised and spread out in this, with the posterior surface uppermost. 
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To avoid folds in the tissue it is better to make three or four incisions 
at the edge, extending for some distance towards the centre, before 
putting on the cover slip. The powers I have found most satisfactory 
to use have been the No. 2 immersion of Zeiss (+) and the E of his 
dry system (#). 

_ The first thing noticed here is that the large branched sell are 
visible ; in the normal they cannot be made out at all directly after the 
cornea is cut out, and only appear after an interval of half an hour to 
an hour. They are no more granular than in the uninflamed, and pre- 
sent no changes from the normal an hour after the excision of the latter. 
Why they become at once visible I do not know; it may be due to 
some change in the refraction of the ground substance caused by the 
greater amount of fluid now in the tissue, or to some change having 
taken place in the corpuscles and only revealing itself in this way, or 
to both. 

The wandering cells are present in vast quantities, exhibiting the 
most active and varied movements; while in the normal cornea, as 
before remarked, we only occasionally see them. Sometimes one 
may be seen to send out a long process, at the end of which a knob 
presently appears, which, growing larger and larger, finally becomes 
he main body of the cell: as though in this way it had passed from 
one space to another through a narrow communication. Sometimes we 
see them as more or less irregular bodies, undergoing changes of form 
and not of position; again as the long, staff-like bodies spoken of in 
the normal cornea. They are present in the greatest numbers at the 
edge, becoming fewer as we proceed to the centre. Since in the fresh 
specimens our observations must be made on the whole thickness of 
the cornea, all these changes become much more clear and can much 
better be studied after it is stained and split up. 

For staining I always use the double staining in silver with hama- 
toxylin or carmine, the former being much preferable for the frog. 
The cornea is exposed by pushing the eye upward from the roof of the 
mouth, and rubbed smartly with the solid crystal of silver. “At the — 
expiration of ten minutes it is cut out, and exposed in glycerine to the 
action of diffused daylight ; when it becomes of a light brown colour it 
is split up and stained in one of the two reagents mentioned. With 
care the cornea of the frog can easily be split into eight or nine layers. 
I vastly prefer this method of staining to the gold chloride method, 
which has hitherto been almost exclusively used in these investigations. 
It has the great advantage of being always certain in its results ; while 
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gold, although sometimes giving us beautiful preparations, is the most 
uncertain of reagents, and its suecess depends for the most part on 
unknown circumstances. Another great advantage is that we have 
both the negative and the positive picture at once ; the cell space shown 
with the cell within, and the relation of the one to the other always is 
kept in view. The » preparations are mounted in slightly acidulated 


glycerine. 


In preparations of the twenty-hour cornea devine after this 
treatment we can easily make out three distinct parts :—A central one, 
on which the caustic was applied, and which is now represented by a 
black scar, in which the cell spaces are imperfectly seen. Around this. 
is a zone of variable width, in which absolutely no change from the 
normal can be made out; here we see the sharply-defined cell space, 
with the nucleus, or, in deeper staining, the body of the cell within. 
The width of this zone is dependent on the extent of the injury, the 
length of time which has elapsed since its infliction, and on the general 
irritability of the tissues of the animal used. Without doubt, from the 
same amount of irritation, the extent of the pathological changes in 
some animals of the same species is different from that seen in others. 

This zone passes, separated by no well defined line, into the outer- — 
most one. In this, along with the corneal corpuscles, other elements can 
be seen in numbers far in excess of the branched cells and always in the 
greatest quantity at the outer edge. These other elements stain in all 
respects similarly to, and are always of the same size as, the wandering cells 
previously described in the normal cornea. They can always be distin- 
guished from the branched cell, even when lying in the same cell space 
with it. In one place we see the nerve channel filled with them, in 
another we see them lying in the tissue between the fibres, and elongated 
until they have the appearance of rods. Again we see them in the cell 
spaces or in the narrow interspace between two cells ; their form always 
influenced by the dimensions of the cavity in which they lie. Often 
where they are most numerous in the tissue the branched corpuscles 
cannot be made out at all. It may be that these are simply concealed 
by the vast numbers of the others, or it is possible that the fixed cor- 
puscles have then been absorbed or destroyed by the young and 
vigorous strangers. 

In no case do we see in the corneal fas proper, any indications 
which would lead us to suppose that multiplication had occurred or was 
taking place. They stain with reagents as did the normal, and the 


nucleus always has the same shape as this, except in instances where it 
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may be indented by pressure from a wandering cell lying in the same 
space, as represented at a, in Fig. 1, taken from the normal cornea. If 
the cornea be examined at an earlier period, say twelve hours after the 
injury, these wandering cells will be confined to a small area at the outer 
edge ; if later than twenty hours, forty, for example, they will be found 
to fill almost the entire cornea, completely ones the unchanged 


- zone in some cases. 


If we examine the surrounding portions of the sclerotic and conjune- 
tiva we find the blood vessels full of cells just sees these, and the whole 
tissue there also infiltrated with them. 

A still further proof that these wandering cell enter the cornea from 
without is furnished by the result of the injection of finely divided 
colouring matter into the blood, according to the method of Cohnheim, 
whose results in this respect I can completely confirm. 

If the cornea is cauterized shortly after the injection of cinnabar into 
a lymph sac or the anterior abdominal vein and examined after the usual 
time, we find among the wandering cells a great many in which pigment 
granules are plainly visible, though they differ in no other respect from 
the others. Sometimes a few granules can be seen in the tissue not 
inclosed in the cells. These may be accounted for by supposing that 
they were here dropped by the wandering cell which brought them from 
the vessel. Stricker himself says that he and Norris have seen one 
wandering cell transfer to another cell of the same nature some of the 
vermillion granules contained in its substance. Since the vermillion 
_ granule can in nowise contribute to the nutrition of the cell, and forms 
rather a heavy load to be carried round, we can see excellent reasons 
why the cell would be willing to throw it away. The number of cells 
containing these granules is far too large to suppose they could have 
gotten them in any other.way than by taking them up in the blood 
vessels. 

The inflammation produced by methods involving a laceration of the 
corneal tissue gives some results differing from those last described. Here, 

as in the last case, we see the peripheral portion of the tissue infiltrated 
with wandering cells ; but we see them alsoelsewhere. Around the spot 
where the injury was inflicted we see cells of the same appearance and 
offering the same variety of form and position as those at the outside, 
and here narrowing the zone, which in the cauterized corneas we have 
-described as free from them, very materially. How came these cells 
here? From the outer edge they could not come, for we have lying 
between this and the centre a zone which, in the earlier stages of the 
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process certainly, is free from them, If now.we combine both methods | 
of producing the inflammation, and having cauterized. two corneas in the 
centre, we make a prick at the. outer edge of the cauterized spot of one, 
and examine the two after the usual interval of time, we. shall find plenty 
of wandering cells around. the laceration in the cornea whose tissue was 
punctured, and none at the same spot in the other. Only one conclusion 
is possible, that they have entered. the cornea where its substance was 
broken. ‘This is easily comprehensible, since a keratitis can scarcely bo 
produced in this way without involving at the same time an extended 
conjunctivitis, and as a consequence. of this haying quantities of white 
blood. corpuscles in the conjunctival: secretion. From this source they 
could easily, enter the tissue where broken. 

The results obtained after passing the ligature through the kobe a 
nictitans point clearly to this... Here a violent conjunctivitis is necessarily 
set up; many blood. vessels in the membrane. are ruptured and plenty of 
white corpuscles poufd out. As a consequence, in these preparations 
we have a very large number of wandering cells at. the point where. the 
prick was made; in some cases they are so plentiful that everything elso 
is obscured. After the injection of pigment granules these wandering 
cells also contain them. No change is seen in the branched 

corpuscle at either place, _ 


Proceeding now to the cat’s cornea, we even in 
state, some difference from that of the frog. The corpuscles (Fig. 2), are 
alia are more numerous, and the cell spaces communicate by. larger 
passages than in the frog. The brightly-staining wandering cells in the 
normal cornea are fewer i in number than in the frog’s cornea, and mostly 
found in the cell spaces. Their special characteristics will be described 
when we come to speak of the pathological changes. 

As a means of exciting inflammation I haye, following Stric ker, 
used the solid stick of caustic potassa, and found it vastly. superior to any 

other agent. A young cat is preferable to an old one, from the fact that 
the cornea of the former is much more easily split into its lamelle than 
that of the latter. The animal is first etherized and the corneaetouched 
with the caustic ; particular-care must be exercised in doing this, as the 
potassa. melts so rapidly on contact with the moist surface that there is 
great danger of its involving too great an extent of tissue. To avoid 
this the caustic stick must. be pointed (which is easily effected by 
holding it in a stream of water), and the cornea previously carefully 
dried with filter paper. By varying the period of contact, an eschar . 
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extending only a few lamelle in depth or one involving the whole 
thickness of the tissue can be produced. The animal is then left in quiet 
and the cornea cut out and examined after periods of from 14 to 60 
hours. The silver staining, before removal, and the after staining, with 
carmine, are used. If we examine such a cornea, say 40 hours after 
cauterization, and as yet unstained by carmine, the changes found can 
be divided into two heads. Of these the first will comprise the changes 
around the outer corneal edge, and the second those in the immediate 
neighbourhood of the eschar. In the first we find the cell spaces some-. 
what larger and the communications between them wider than in the 
normal cornea. Scattered about through the tissue we find the strongly 
refracting rod-like cells, appearing very: similar to those we have seen 
in the frog. If the silver staining has been very deep we find the silver 
precipitated in the substance of the corneal corpuscle as well as in 
the oe substance, leaving a clear unstained nucleus in ee 


In the immediate neighbourhood of the eschar the change is more 
pronounced, and different from anything we have hitherto seen. These 
changes are all the more important to us, since it is here that Stricker 
says the corneal corpuscles are undergoing the most rapid proliferation. 
In the silver preparations we see, lying in the coloured ground, groups 
of small white spaces with dark brown lines separating them from one 
another (Fig. 4); these groups correspond in shape to enlarged cell 
spaces. Stricker seems to have confined his observations to this spot, 
and explains the picture by supposing the corneal corpuscle has here 
broken up into a number of smaller cells, and that the brown lines mark 
off the new cell limits. 

Let us now see what the carmine staining shows in the two parts. 
In the outer ring we have (Fig. 3) in each of the slightly enlarged cell 
spaces the large oval nucleus of the branch cell totally unchanged, and 
staining in all respects like the normal. In rare cases we find (as is 
also the case with the normal) two of these nuclei in a space. In 
addition to these there are other cells, which, from their characteristic 
appearance, merit a more detailed description. These have a differ- 
ence in shape according to whether they are found in the cell spaces 
and nerve channels, or in the proper corneal substance, there lying 
between the fibres. In the former they are round, with a brightly- 
stained granular nucleus of the shape of a horseshoe, and correspond 
to the wandering cells in the normal cornea. Under high powers 
(800 — 1-000 x) the apparently single nucleus is usually found to be 
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composed of three or four small bodies lying in juxtaposition, the 
mass being always arranged in the shape of a horseshoe. 

_ When lying in the tissue between the fibres they are elongated, 
and then appear as jointed rods, each joint having the highly-stained 
granular nucleus. At first sight these rod-like bodies would seem to 
be entirely different from the round cells in the spaces ; but, on closer 
inspection, at different places every variation can here be seen, from the 
slightly elongated cell with a horseshoe nucleus to the long rod-like cell. 
If we now stain some of the blood of the cat, we find that the white 
blood cells have a nucleus of this horseshoe shioe and stain in all _— 
like these wandering cells. 

Proceeding now from the corneal edge towards the eschar, we come 
to a region where the corneal corpuscles are wanting, passing on the way 
through a district where they have taken on changes which will occupy 
our attention presently. Beyond this line, which can be seen by even a 
‘simple lens, the corneal corpuscles are dead—have been destroyed by 
the caustic. The cell spaces can be seen, most of them much shrunken, 
but no nucleus in them, or anything which would afford us proof of the 
presence of a corneal corpuscle. Lying in these cell spaces, but still 
more in the tissue between them, are seen multitudes. of cells before 
described, at the scleral edge. These cells become more numerous.as we 
proceed, until we reach a territory where the cell spaces are filled with 
them (Fig. 5). The spaces here are enlarged, and the communications 
between neighbouring ones are wider ; spaces and communications are 
all full, and no one comparing these cells with those at the outer (ie., 
the scleral) edge can doubt for a moment that they are similar. 

Beyond this line of general infiltration the tissue is totally destroyed. 
By this I mean that not only its living protoplasm is killed, but its 
physical properties are also altered. Nothing of the cell spaces can be 
seen, and apparently the wandering cells can make their way no further. 
At the point of general infiltration the tissue sloughs. 

In corneas examined 10 to 14 hours after cauterization this district of 
general infiltration is wanting ; no wandering cells are seen there. In 
the other district, however, that around the outer corneal edge, the wan- 
dering cells are numerous ; sometimes so many will be seen that the 
faintly-stained nucleus of the branched cell is entirely obscured, the wan- 
dering cells filling up the space. From this edge they become fewer and 
fewer as we proceed towards the centre. The line of corneal corpuscles 
marking off the portion of the cornea in which the corneal corpuscles 
were destroyed by the caustic from that portion of the cornea where the 
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corpuscles ‘were uninjured, is ‘not now'so well ‘seen, as'these 
have as yet taken’ on no change by which we cain distinguish them. We 
readily see, howéver, even here, where the living | tissué ends. Now it is 
beyond this ‘line that we get from the silver preparations ‘of a ‘later 
period of inflammation the appearance as thou gh the corneal ‘corpuscles 
had proliferated. Here were the colourless areas subdivided by brown 
lines. From’ this place Stricker’s drawing ‘was ‘made, and’ here he, 
judging merely from silver staining of corneas, taken always at a fixed 
time after the cauterization ; supposed the proliferation to have been most 
rapid. Further examination by better methods, and at different periods, 
after cauterization, shows us that there is here nothing ‘to ‘proliferate. 
The tissue is a8 bare of living corneal corpuscles as a sheet of paper. In 
48-hour preparations the ‘line ‘of demarcation is more evident’ and ‘the 
tissue beyond more infiltrated with cells than in the 40-hour preparations. 
In all the portion first described, that along*'the edge: of the sclera, ‘rio 
change cin be seen in the bla of the branched cells. In‘ corneas 
examined 60'to 80 hours after cauterization, that portion of the’ tissue 
surrounded by the infiltration is converted "into a slough; which éasily 
comes away, and the peripheral — the’ 
still contain wandering ells. 

the cornéal ¢orpuscles which form the line’ the zone of 


infiltration, and ‘which iidicate ‘the separation of the dead’ from’ the 


living ‘proper corneal tissue, we find changes as early as twenty hours 
. after cauterisation: These changes are at this period only shown by a 
brighter staining ; the whole’ substance of the cell ‘here ‘stains and ‘else- 
where only the nucleus. At a later period (30 to 40 hours) the nuclei 
can be seen in different stages of division, and at the same time long 
processes are sent out from the cells into the dead tissue. These 
processes become longer (Fig. 6), nuclei’ pass from the old cell up into 
them, and'thus they form in the dead tissue new corneal corpuscles, 
but never pus. These processes and new cells stain in all respects like 
parent cell from which they originated, and the ‘nuclei’ have the same 
shape as in the old célls, though they stain more brighty; aia are ‘more 
granular. 

co: appearance of a segment of the cornea taken three or four days 
after injury, in which the branched corneal corpuscles are undergoing 
this proliferation, is most beautiful. The nuclei of the new corpuscles 
divide rapidly, and in some as many as four can be seen. ' Evén if the 
- whole cornea is destroyed with the exception of a small strip along’ the 
outer edge, the corpuscles limiting this take on this renewed activity. 
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The difference between these two processes—the suppurative, on 
the one hand, in which the wandering cells are the agents, 
and the regenerative, on the other, by which new corneal 
corpuscles are produced from corneal corpuscles—is so clear 
that no one seeing them side by side could mistake them. In no tissue 
in the body can the processes of repair be so clearly studied as in the 
cornea ; and in no other tissue can the wandering cell theory as to 
the origin of pus corpuscles be so clearly proven to be correct. 


_ DESCRIPTION OF THE FIGURES. PL. IV. 


corneal corpuscles are shown with a wandering cell, a, lying in the cell space with one of 


them. 6 drepresent two of the wandering cells i in the substance of the cornea ; these have 
taken the elongated form. — 


Fig. stained with silver and carmine. 
stance is stained brown with the silver, leaving the cell spaces unstained. In these are 
seen the nuclei of the branched cells stained with carmine. bb, we Yann eee : 
cell spaces. 


wandering cells, 4 }, are increased in number, and the communications between the spaces 
are langer than in No. 2. Gliver and carinine. 


spaces are greatly enlarged, and broken up into small areas by the brown silver ‘lines. 
The ground substance is reduced in amount, in some places represented only as small 


Fig. 5 .—Innermost limit of area of general infiltration. Here, as in No. 4, the cell 
spaces are greatly enlarged, and divided into small areas, in each of which the brightly- 
stained horseshoe nucleus is seen. 
found. Silver and carmine. 


Fig. 6.—Two corneal corpuscles, whisk have taken on regenerative changes. ‘The 
nuclei have increased in number, and long processes which are much branched nore 
grown out “— the parent cell. 
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ON THE PHYSIOLOGY OF THE RETINAL EPITHELIUM. 
By W. KUHNE, Professor of Physiology in the University of Heidel- 
berg, and H. SEWALL, Johns Hopkins University, Baltimore, U.S.A. 


(From the Physiological Laboratory, University of Heidelberg.) 


In 1845 Briicke described a chalk-white pigment present in the retinal - 
epithelium of the bream (Abramis Brama) as a pseudo-tapetum. Accord- 
- ing to somé later results of H. Miiller, such a retinal tapetum appears 
to exist in several fishes, we find it also in the Acerina cernua, in Blicca 
Bjorkna, in Bliccopsis abramo-rutilis, and in Alburnus bipunctatus. 

On lifting up the retina of a bream which has been kept in the 
dark, the background of the eye, to more than two-thirds of its extent, 
appears covered with a chalky or faintly yellowish substance. Behind 
this lies small quantities of brown pigment, after the removal of which the 
anterior pure black surface of the choroid becomes visible. On dis- 
solving the epithelial cells in bile and washing the sediment one is able 
to isolate the opaque white granules of which the latter consists, and to 
obtain from a single eye a quantity sufficient to form with it the general 
compounds and to carry out all the tests which characterize it as guanin. 
This, since it is amorphous, cannot be confused with’ the crystalline com- 
pound of guanin and calcium found in the argentea, whose intermixture 
can easily be avoided. On burning the guanin on platinum foil it leaves 
scarcely any perceptible ash. The examination of larger quantities 
shows with certainty the absence of xanthin, hypoxanthin, and carnine. 

We found the fuscin of abramis retina much more easily soluble in 
alkaline solutions, particularly in weak caustic soda on warming, than 
that of other animals examined up to this time, and more easily bleaching 
in light after precipitation by acid. In the upper tapetal portion of the 
eye the fuscin which is found among the guanin granules appears to be 
only amorphous, while in the under brown part of the retina, where the 
epithelium contains no guanin, it appears in long crystalline forms. 

In a bream which has been kept in the dark the fuscin is chiefly 
collected in the body of the epithelial cell, small quantities only reach- 
ing as far as the extended basal portion ; but on exposure to light the 
fuscin moves gradually forward into the filamentous processes of the 
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epithelial cells as far as the inner limbs of the rods and cones, some- 
times as far as the M. limit. ext., leaving in its track a light-brown 
coloured residue. Now, for the first time, may be seen in the body 
of the epithelial cell the nucleus and the white opaque guanin in the 
form of extremely fine, and of isolated, larger concretions, while the 
filaments of the cell, reaching between the outer limbs of the cones, and 
which had previously appeared pure white from the guanin contained in 
them, are coloured whitish-brown. After withdrawal from light for an 
hour the filaments of the epithelial cell are again white, the bodies 
brown and opaque. 

The same facts which furnish grounds for regarding the fuscin as 
exclusively lodged in the protoplasm of the epithelium cell compel us 
also to assert that the guanin of the pseudo-tapetum is embedded only in 
the cell substance, and is not free or in an extraneous cement. So much 
the more surprising is it that not a single observation resulted in the 
detection of movement on the part of the guanin, while the fuscin, 
during alternate exposure to light and darkness, wandered to and fro in 
the bases and~prolongations of the cells. As in the retina exposed to 
light we never come upon threads of the epithelial cells containing only 
fuscin and no guanin, we must presume either that the protoplasm in its 
molecular movements can shift from its place only one kind of the 
inclosed granules, or that only one part of the protoplasm is mobile, 
and that indeed in which the fuscin granules are from the first inclosed, 
the guanin-holding protoplasm being rigid or immovable. However, we 
must not here anticipate other views of quite a different character 
concerning the connection between the ameboid movements and the 
phototropic epithelial reactions. 

In eyes opened on a line near the border of the iris, up to which the 
tapetum reaches, we have found most decided shifting of the fuscin even 
in those guanin-holding cells which lie quite on the periphery of the 
retina; on the other hand, there appeared in eyes, both in those kept in 
the dark and in those picponed to light, no difference in the position of the 
fuscin in the guanin-free under portion of the retina, where, under all 
circumstances, the brown needles and granules are present only in the — 
bases and in the filaments as far as the inner limbs of the simple cones, 
not, however, in the cell bodies, which are here very deep. 

‘Siinalipaiounly with the moving forward of the fuscin in the bream’s 
eye is found the well-known clinging of the epithelium to the layer of 
rods and cones, so that the retina which has been exposed to light can 
only be separated from its background by disruption of the epithelium 
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cells, through which the bodies remain on the choroid, and most of the 
guanin together with the’ fuscin follows the retina. In this case, also, 
there is always a firmer union of the epithelium and choroid. Both 
appearances are clearly independent of the wandering of the, fuscih, for 
they are not less marked in the parts of the retina without tapetum, where 
the fuscin is motionless. We found, also, this clinging to the same 
extent, and in like dependence on the intensity of light, in the carp and 
eel', whose epithelial filaments, even in the dark, are filled far into their 
anieri portions with fuscin, hicks, after exposure to light, only reaches 
to a somewhat greater extent hebwesn the § inner limbs of the rods and 
cones ; in the eel, indeed, almost as far as the M, limit. ext. 

| The retina in the dnened eye of the bream is not a smooth membraao 
diminishing gradually in thickness towards the periphery, but possesses 
numerous thickenings, which when seen from the anterior surface appear 
like gentle waves or radial wrinkles. We constantly saw these wayes 
stronger, more concentrically, and less radially arranged in the retina of an 
eye kept in the dark than in that of one exposed to light, and this difference 
_-was so evident in microscopical sections of the hardened eyes that even from 
“naked eye observation of any preparation we could say whether it came 
from a fish kept in the dark or from a fish exposed to light. _Microscopi- 
cally, indeed, thickenings may also be observed in the retina of a fish 
kept in the light, and can be recognized as due to an increase in the 


layer of rods and cones, the hinder border of which is straight and runs 


parallel to that of the epithelium and the choroid, while the anterior 
border, the M. limit. ext., and all the coats or layers of the retina anterior 
to this bulge out fies at gainst the vitreous humour ; but while in 
such eyes the ends of the guanin and fuscin containing epithelium 
filaments form anteriorly only a gentle curve, the zone of the epithelium 
filaments in eyes kept in the dark reaches markedly further forward, 
and the cells are elongated as if the retina in becoming wrinkled had 
stretched out the whole layer of the rods and cones as well as their 
epithelial covering. 

The white guanin-mass behind the layer of rods ie cones offers the 
long wished-for opportunity of seeing the visual purple in the retina 
in situ with the greatest distinctness ; in fact, it is easy to recognize 
through the pupil of the bream’s eye the beautiful colour of the rods as 


1 The retina of the eel possesses not only a.rich network of vessels which is connected 
with a large sinus in the papilla of the optic nerve, but, what is remarkable, also numerous 
blood vessels in the outer belo 

the limit. ext. 
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a violet tint, chen by suitable position and in moderate daylight one. 

looks from Silanes upwards, When the eye of the dead fish is exposed - 

for a short time in the sun, the pupil appears of a very light pearl-grey, 

just as Briicke has described. After sufficient illumination, in the 

living fish the pupil appears by similar examination black, and only 

nation of the eye, light brown. In the anterior portions of the eye ‘of 3 
a fish deprived of its iris and lens and kept in the dark the background 
appears covered with a deep violet-lake colour as far as the tapetum — 
reaches. During exposure to light this beautiful colour passes into a 
pale straw-yellow, showing that the light is reflected through the rod 
and cone layer, not by the fuscin lying far behind in the bodies of the 
epithelium cells, but by the white guanin of the bases and filamentous 

 prolongations of the cells. After the action of light during life the 
colour of the background of the eye varies from: light brown to choco- 
late, in proportion to the degree of loss of visual purple and advance of 
the fuscin granules. 

The retina of the bream, removed from its epithelial background, is, 
as in most fishes, a deep violet membrane scarcely to be described as 
purple, and of a colour extraordinarily evanescent under the influence 
of light. The absorption, even in the thinner portions of the retina, is 

essentially different from that in the deeper-coloured retine of those 
other animals which have been hitherto examined. Under the sodium 
light the bream’s retina appears black, and in the objective spectrum — 
of sunlight shows strong absorption from D to C, evident grey from 
C to B, very little absorption, in the violet, while the maximum of 
absorption lies between E and D, very near to D. Correspondingly, 
this visual purple is bleached tna quickly by the rays near D, the 
effect diminishing in the yellow rays verging to green; the pure welicir, 
orange, and red, being more efficient than the indigo-blue, while violet | 
light is least active of all. 

As a rule, under equal intensity of light, the bream’s purple bleaches 
at least three times more quickly than that of the frog, but in violet and 
indigo lights i is more lasting. In this part of the spectrum the colour of | 
the rods disappears as if simply diluted, without passing into yellow, but 
the fish retinze which have been thus bleached to the lightest lilac become 
in common daylight, as well as in all parts of the spectrum from E to A, 
recognizably yellow before completely fading. 

As the purple in the isolated and opened eye yields remarkably quickly 
to light, it appears particularly striking that a living bream, in spite of 
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a widely-opened pupil, requires to be kept at least twenty minutes in 
direct sunlight before losing its purple. Killed immediately afterwards 
the colour is not recovered again in the dark ; but in life, on the contrary, 
recovery, to a considerable degree, takes place in the dark within 
twenty or thirty minutes. Hence the neo-genesis, like many vital pro- 
cesses among the fishes, ceases with general death, but is, however, intra 
vitam, very energetic. However, if we take the rapidly isolated and 
opened eye of a fish which has been kept in the dark, and bleach it 
quickly in the sun until an edge of the retina when reversed shows no 
more purple colour, and observe the hinder part again, after allowing 
the retina, in situ, to remain some half hour in darkness, tokens of ana- 
genesis are plainly to be recognized. 

(A more extended account of these experiments, illustrated by draw- 
ings, will appear in the “ Untersuch. aus dem cde fe Inst. zu 

“Heidelberg,” Bd. Heft 3 and 4.) 
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ON THE PROTEID SUBSTANCES GONTAINED IN THE 
‘SEEDS OF PLANTS. By 8. H. VINES, M.A. D.Sc, Fellow 
and Lecturer of Christ’s College, Cambridge. | 


(From the Physiological Laboratory, Cambridge.) 


Tae metabolism of plants cannot be more advantageously studied than 
in germinating seeds, for in them the various chemical changes take 
place with a relatively greater activity than in fully developed plants, 

and comparatively large quantities of metabolites, that is, of the products 
of these changes, can be obtained from them without difficulty. The 
knowledge which we already possess on this subject has been gained to 
a great extent by the investigation of material of this kind, and if this 
knowledge is to be extended it will be principally by means of further 
researches in this direction. It is evident, however, that an accurate 
knowledge of the proximate chemical composition of the seed in its 
quiescent condition is a necessary antecedent to any such research. It 
is only with this knowledge as a starting-point that it becomes possible 
to follow the changes which the various substances stored in the seed 
undergo during germination, and by this means to learn something as 
to the nature of the metabolic activities which accompany this process. 
With reference to the non-nitrogenous reserve-materials it has thus 
been ascertained! that they consist of carbohydrates (starch and cellulose) 
and of hydrocarbons (fats and oils), and that during germination they 
are converted into glucose, the hydrocarbons being probably converted 
intermediately into starch, and that this is the form in which they can 
be taken up by the growingembryo. Two distinct metabolic changes are 
thus indicated, the first being the conversion of insoluble into soluble — 
carbohydrate, a change which is known? to be effected by means of 


1 More especially by Sachs; see his ‘‘ Keimungsgeschichten,”’ in Bot. Zitg., 1859, 
1862, 1863, 
2 A ferment of this kind, termed diastase, has long been 
ing paler von Gorup-Besanez detected the existence of such a ferment in —_ 
seeds (yetch, hemp, flax; see Sitzber. d. Phys.-Med. Soc. zu Erlangen, 1874-75), and 
Kossmann (Comptes fendi, 1876), in leaves and buds. 
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unorganized ‘ferments; the second the conversion of hydrocarbons into 
carbohydrates, a process which must necessarily be one of oxidation. 
With reference to the nitrogenous reserve-materials our knowledge is 
complete. Certain nitrogenous substances’, asparagin, leucin, tyrosin, 
and glutamin, have been detected in germinating seeds, and it is usually 
considered that they are derived from the nitrogenous reserve-materials 
by oxidation. But the discovery by von Gorup-Besanez?.of a pro- 
teolytic ferment in germinating seeds renders it probable that these 
substances are produced by ferment-action, the reserve-materials being 
converted first into peptones and then into crystalline nitrogenous sub- 
stances, as in the pancreatic digestion of animals. It is not possible at 
present to say anything more definite as to the mode of their origin or 
as to the substances from which they are derived, for the chemical nature 
of the nitrogenous reserve-materials in quiescent seeds is not accurately 
known, And yet they have been much studied by both chemists and 
botanists. Since it was discovered that the cells of seeds contain nitro- 
genous substances, many chemists have investigated them ; and since 
Th. Hartig* discovered that these substances generally occur in the 
form of granules—aleurone-grains he called them—many botanists have 
made observations on the structure and properties of these bodies. The 
results of the chemical investigation of seeds are, however, by no means 
satisfactory. A number of proteids have been isolated, but the conclu- 
sions of different chemists as to the properties, and therefore also as to the 
chemical individuality of these substances, do not harmonize, on account, 
probably, of the variety of the methods employed for their preparation. 
They have been classified by Ritthausen‘ into three groups: albumins, 
caseins, and gelatines. The albumins are obtained by extracting the 
seeds with water. The caseins are most readily obtained by a method, 
devised apparently by Liebig in the first instance but modified by 
Ritthausen, according to which the ground seeds, after they have been 
freed from oil by.ether or alcohol, are treated for several hours with 
dilute solution of potash (1 per 1000 KHO) ; to the filtered fluid acetic 
acid is added until there is a flocculent precipitate which gradually sub- 
sides. The gelatines are obtained by extracting gluten with alcohol 


| Asparagin appears, to have been first obtained from germinating seeds by Piria 
(Ann. Chim. Phys., 3° Série, 22, 1852); leucin by von Gorup-Besanez (Ber. d. deut. 
Chem. Ges., VII. ; aleo Cosss, ibids, VIII.) ; 
(Ber. d.. Chem. Ges., x., x1. ; see also von Gorup-Besanez, idid.). 

2 Ber! d. deut, Chem, Ges., vit. 3 Bot. Zeitg., 1855. 
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which dissolyes them, and they are obtained from the solution by gradual — 
evaporation. The following is a tabular statement of Ritthausen’s 
classification :— 
I. Albumin : soluble in water, coagulated by boiling ; obtained from 
) seeds of wheat, barley, maize, lupin, pea, bean, and Ricinus. 
_ II. Casein : only slightly soluble in water, readily soluble in dilute 1 
potash and in solutions of basic potassium phosphate; pre-_ 4 
cipitated from solution by the addition of acid. a 
a. Legumin (from peas, beans, and vetches). | 
b. Gluten-casein (from cereals, especially wheat). 
ce. Conglutin (from lupins and almonds). 
III. Gelatine (Pflanzenleim): soluble in dilute alcohol and in dilute 
acid. 
a. Gliadin 
b. Mucedin 3 From gluten of wheat-flour. 
ce. Gluten-fibrin 
It is easy to show that even these results are not perfectly satisfac- 
tory. Ritthausen himself admits that the existence of a true albumin 
in seeds is by no means absolutely proved, and suggests that the sub- 
stance precipitated on boiling the watery extract of seeds may be one of 
_ the members of the second or third group which has been dissolved to some 
‘extent. Then as to the members of the second and third groups, they 
are not distinguishable from each other by well-defined reactions, but - 
principally by slight differences of solubility and of ultimate composi- 
tion, and by yielding somewhat different products when decomposed. 
Thus, of the three caseins, legumin contains the least sulphur and 
gluten-casein the most ; conglutin contains the least carbon but the most 
nitrogen : when decomposed by means of sulphuric acid legumin yields the 
smallest and gluten-casein the largest quantity of glutamic acid, whereas 
the latter substance yields the smallest and the former the largest amount 
of aspartic acid ; conglutin yields an intermediate quantity of both acids. 
This seems to be very slight evidence for the establishment of the 
chemical individuality of these caseins, more especially when it is found 
that they vary considerably in composition when obtained from different 
seeds. Thus legumin obtained from beans contains a smaller percentage 
of nitrogen than legumin obtained from peas ; conglutin from almonds — 
contains less sulphur than conglutin from lupins ; and the gluten-casein 
of spelt contains nearly two per cent. less carbon than that of any other 
kind of wheat. The same criticisms may be applied to the members of 
the gelatine group. Gluten-fibrin is less soluble in water but more 
| 7—2 
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soluble in alcohol that either gliadin or mucedin : the gliadin obtained 
from the gluten of wheat is remarkable for its high percentage of 
nitrogen and its low percentage of carbon as compared with the gluten- 
fibrin and the mucedin ; but these differences of properties and of com- 
position afford but little ground for regarding each of these substances as 
being a well-defined chemical individual. The same variation in pro- 
perties and composition which was noticed above with regard to the 
caseins is to be found in these bodies also when they are derived from 
various sources. Thus the gluten-fibrin of wheat differs from that of 
maize both in composition and in properties, and similar differences are 
presented by gliadin when obtained from wheat and from oats, and also 
by mucedin obtained from wheat, rye, and barley. __ 
An altogether different method of research was suggested by Denis 
in connection with his investigation of the blood’. He found that certain 
proteid substances could be extracted from seeds in considerable quan- 
tity by a 10 per cent. solution of common salt (NaCl.). This method 
was subsequently followed by Hoppe-Seyler’*, who found that the sub- 
stances obtained in this way closely resemble the globulins occurring 
in the blood and in the tissues of animals. More recently Weyl has 
ascertained*® that these vegetable globulins, like those of animals, are of 
two kinds; the one, myosin, is insoluble, the other, vitellin, is soluble in — 
saturated NaCl solution. Weyl also points out, as Denis had already 
‘ suggested, that the substances extracted from seeds by Liebig’s method 
ate probably to be regarded as artificial products formed from the 
globulins by the reagents employed, since it is well known that globulins 
are readily converted into albuminates by treatment with dilute acids or 
alkalies, or even by long exposure to water, and further that these 
albuminates more or less closely resemble in* their properties the so- 
called vegetable caseins. In his most recent researches* on this subject 
he finds that no formation of gluten takes place if wheaten flour has 
been previously treated with a 15 per cent. NaCl solution, so as to 
extract all the globulins present. From this it appears that the sub- 
stances constituting the gluten are derived from the globulins, possibly, 
as Weyl suggests, by a coagulation of the globulins effected in much 
the same manner as the coagulation of the blood. Zéller has detected 
the presence of myosin in potatoes’. There is thus a strong body of 


1 Mémoire sur le Sang. Paris, 1859. 2 Med.-Chem. Unters., 1867. 
3 Zeitschr. f. Physiol. Chem., 1., 1877. He experimented on oats, maize, peas, almonds, 
mustard seed, and Brazil nuts. * Ber. d. deut. Chem. Ges., xu1., 4, 1880. 


5 Ber. d..deut. Chem. Ges., 10, 1880. 
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evidence to prove that these globulins, which are entirely overlooked by 
Liebig, Ritthausen, and others, exist in considerable quantities in the 
depositories of the reserve-materials of plants. 

Ritthausen maintains, however, the chemical individuality of most 


- of the substances which he has succeeded in preparing. He admits 


indeed! that the existence of a true albumin in seeds is by no means 
certain ; he says that, although in accordance with general usage he 
applied ‘the term albumin to the proteid substance which remains in 
solution (but which may be precipitated on boiling) in the originally 
alkaline extracts of various seeds after the caseins have been thrown 
down by acetic acid, yet this substance is not identical with true albumin — 
as regards either its properties or its composition ; and he adds that its 
solution in water is probably effected by the salts, especially of potas- — 
sium, which are present in the seed. He does not commit himself so far 
as to say whether or not this substance is a globulin, although his own 

account of it clearly suggests that it does belong to this group of pro- 
teids. If he is ready to concede a point with regard to the albumins, 
his opinions remain quite unaltered with regard to the caseins. He 
asserts that since neither legumin, nor conglutin, nor gluten-casein are _ 
soluble in NaCl solution, the researches of Hoppe-Seyler and of Weyl | 
must refer to substances other than these, that is to say, that the 10 per 
cent. NaCl solution used by them extracted only the substances which 
they term globulins, and left the caseins undissolved behind. When, 
however, it is borne in mind that, in the first place, globulins are indis- 
putably present in seeds, and in the second, that when globulins are 
treated with dilute potash they readily become converted into an albu- 


minate (alkali-albumin) and that they then cease to be soluble in neutral 


NaCl solution, it is clear that this criticism of Ritthausen’s is worth- 
less. He himself states in his account of an investigation of the proteids 
contained in the seeds of Ricinus’, which will be discussed hereafter, that 
when these substances have been precipitated by acetic acid from their 
solution in dilute potash, they dissolve only partially in NaCl solution, 


_ and they are still less soluble if sulphuric acid be used to precipitate 


them. These facts go far to show that the substances in question are 
originally soluble in NaCl solution, and that the reagents used in their 
extraction according to Liebig’s method so alter them that they lose 
this property ; that globulins, in fact, become converted into albu- 
minates, x 


Pfliiger’s Archiv, xv., 1877, p. 284. Pfliiger’s Archio, xmx., 1879. 
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In another paper’ Ritthausen points out that the ultimate analysis 
of the substance extracted from Brazil nuts by his method gives nearly 
the same result as the analysis of the substance obtained by Wey! by 
means of 10 per cent. NaCl solution. The following are the figures :— 


Ritthausen. Weyl. 
GOR 


From this resemblance in ultimate composition he infers that the — 
- substances extracted by the two methods are of much the same chemical 
nature. He abstains from giving any name to the substance prepared 
by him, but it must doubtless be considered as belonging to his group of 
vegetable caseins, inasmuch as it was obtained by the method which is 
used. for the preparation of these bodies. We have then two substances, 
prepared by different. methods from the same material, resembling each 
other in ultimate composition but differing in properties, since the one 
obtained by Wey! is soluble and the one obtained by Ritthausen is 
insoluble in 10 per cent. NaCl solution. Surely this result affords a 
strong argument for his opponents. It is by no means extraordinary 
_ that the albuminate derived from a globulin should resemble that globulin 
in its ultimate composition although its properties are very different, and — 
the similarity of the figures in this case suggests that a relation of this 
kind exists between the two substances analyzed. However, it must not 
be overlooked that certain important differences nevertheless exist in 
these figures, and these will be commented on at length hereafter. _ 

» Finally we have to consider Ritthausen’s observations on the 
_ proteids of Ricinus, to which allusion has already been made. As the 
result of his first investigation of these seeds*, he stated that the sub- 
stance which is the principal constituent of the crystalloid is not 
legumin, but that it more nearly resembles albumin (eiweiss), or the 
gluten-casein of wheat. This substance, provisionally termed. casein, is 
only partially precipitated from its solution in dilute potash, and it 
is soluble to a considerable extent in solutions of neutral salts ; it is, 
_ therefore, quite distinct from legumin, and it is probably a mixture of 


d. Zusammenseteung der Proteinsubstans der Bertholletia (Para) Niisse. Pfliger’s 
Archiv, xvi., 1878. Eiweisskorper, pp. 183-7. 
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legumin and of albumin, or a body resembling albumin. He con- 
eluded “ from these very incomplete observations that the composition 
of the crystalloid of Ricinus is rather complex, and that at least two 
distinct proteids are present which are not identical with legumin and 
conglutin.”” In his more recent researches! he has found that a con- 
siderable quantity of proteid can be extracted from the seeds by means 
of 10 per cent. NaCl solution, and that it is precipitated from its 
solutiqn on dilution with water and by passing CO, through it. The 
following is the analysis of the substance thus precipitated :— 


Carbon 
Hydrogen... 6:90 
Oxygen 


He draws attention to the difference in ultimate composition which 
exists between this substance and that extracted by Weyl from the © 
seeds of Bertholletia by the same method, and concludes that since 
the difference is so great, the substances extracted by himself from — 
Ricinus¢and that by Weyl] from Bertholletia must be (a) proteids 
of the same kind, though of different percentage composition, or 
that (6) one of the substances is impure, or that (c) by this method 
decomposition of the original substance is effected. However, he does 
not definitely declare for any one of these three hypotheses. He finds, 
also, that warm water (40°—50°C.) dissolves a considerable quantity of 
proteid from the grains, more especially, as he. believes, from the 
crystalloids, and that this substance is precipitated, to some extent at 
least, by passing CO, through its watery solution. The analysis of this 
substance gives the following percentage composition :— : 


Carbon 
Hydrogen 
Nitrogen =... 1790 
1:07 


From these observations he comes to the conclusion that the crystal- 
loids of this plant consist of two proteids of different composition, one of 


1 Pfliger’s Archiv, xrx., 1879. 
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which | closely resembles nies whereas the other is richer in C and 
poorer in N, a conclusion which does not materially differ from that 
arrived at by his previous researches. However, it is evident on his 
own showing that he has succeeded in extracting from the seeds of 
Ricinus a substance of the nature of a globulin. 

It mnst be admitted that the evidence is so far in favour of the views 
of Hoppe-Seyler and of Weyl, according to which the proteids of 
seeds, when they have not been acted upon by acids or alkalies, are 
globulins. But the evidence is not absolutely conclusive. What is 
wanting to complete it is the actual observation under the microscope of 
the effect produced upon aleurone-grains by treating them with the 
various reagents in question. Hitherto evidence of this kind has not 
been forthcoming. Hartig' mentions that the grains of Lupinus 
luteus, of the hazel, and of Bertholletia dissolve entirely in water, with 
the exception of the globoid and of the peripheral membrane (Adllhaut). 
Holle? also states that the grains of Sisymbrium Alliaria and of other 
Crucifers are soluble in water. Maschke® found that the grains of 
Bertholletia dissolved entirely in water, excepting the globoid, the 
crystalloid, and the peripheral membrane ; and Pfeffer* has pointed out 
that some grains (those of Cynoglossum officinale, Empetrum nigrum, and 
Clarkia pulchella) appear to be quite insoluble in water, wher8as others 
are partially soluble (those of the different species of lupin), and others 
again are completely soluble (peony). Further, it appears to have been 
ascertained that aleurone-grains dissolve readily in dilute alkalies. But 
these reactions do not suffice to determine the chemicul nature of the 
proteids composing the grains. By experimenting on a watery solution 
of the grains Hartig came to the conclusion that they are composed 
principally of proteid substances, and he enumerates all the proteids 
_ which had at that time been extracted from plants, viz., fibrin, albumin, 
gliadin, and casein, as being probably present. Maschke considers 
that the aleurone-grains of Bertholletia consist principally of casein, a view 
which is also taken by Tangl®, together with some albumin, and Pfeffer 
believes those of Pwonia to consist of two proteids, of which one is 
albumin. These observations are obviously tentative, and they apply 
only to a very small number of plants. In the hope of arriving at 
results which should be more general and more satisfactory, I have 
investigated the micro-chemical reactions of the grains of a large number 


1 Loo. vit. ; also Bot. Zeitg., 1856. * Neues Jahrbuch fiir Pharmacie, 1858. 
Bot. Leitg., 1859. * Jahrb. f. wiss. Bot., 1872. 
Protoplasma der Siteber. d. Akad, in Wien, Bd. 75, 1877, p. 42. 
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of plants, and a detailed account of my observations has been given in a 
series of papers communicated to the Royal Society of London’. I will 
mention here only the most important points which I -have succeeded in 
establishing. 

In the first place, I find that all aleurone-grains dissolve to some 
extent in water; the degree varies very much, from the apparently 
complete solubility of the grains of the peony to the scarcely perceptible 

solubility of those of Euphorbia Lathyris. 
_ In the second place, I find that. those aleurone-grains which are 
soluble in water (peony), as well as many of those which are only 
partially soluble in water (lupin, Bertholletia), are readily soluble in 
10 per cent. and in saturated NaC] solution. 

Thirdly, I find that there are grains which dissolve partially in NaCl 
solutions, but which only dissolve entirely in dilute alkalies’. 

_ Now as to the chemical nature of the substances dissolved by these 
reagents. As to the substance which is dissolved by water, I have found 
from experiments made upon considerable quantities of various seeds 
that water extracts from them a proteid of the nature of a peptone: of 
this substance a full account will be given hereafter. It would be, 
however, erroneous to assume that those grains which, like those of the 
peony, seem to dissolve completely in water, consist entirely of this 
peptone. That this is not the case is shown by the fact that if a 
watery extract of these seeds be boiled, a slight precipitate is produced ; 
and further, if the seeds be treated with 10 per cent. NaCl solution a 
fluid is obtained which gives a dense precipitate on boiling, on dilution 
with water, and on saturation with NaCl. It is evident that the NaCl 
extract of the seeds contains ‘a globulin, and that this resembles myosin 
‘in its reactions ; it is, in fact, a vegetable myosin, to use a term which 
Weyl has proposed. Since this substance is insoluble in distilled water. — 
the solution of the grains which is observed under the microscope when 
they are treated with water is probably due to the salts which are 
contained in the seed, myosin being readily soluble in dilute saline 
solutions, and it is also in consequence of this that the watery extract 
of the seeds gives a precipitate when boiled. 

This myosin, which occurs in the grains of the peony, can also be 
obtained from the 10 per cent. NaCl extracts of those which are only 
partially soluble in water, such as those of the lupin. It is doubtful, 


1878, No. 191; 1880, No. on Nov. 25, 1880. 
account of the reactions of given in the 
table atthe end of this paper. 
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~ however, if the myosin exists as such in these grains, inasmuch as they 
dissolve readily in saturated NaCl solution, a property which belongs, 
not to myosin, but to vitellin. I have suggested, as an explanation, that 
possibly the grains in these cases consist entirely of vitellin, and that this 
becomes gradually converted into myosin, and is therefore precipitated, 
during the slow process of the saturation of the 10 per cent. NaCl extract, 
by means of rock salt. In other cases, as, for instance, in Helianthus, the 
reactions are somewhat different. If a section of the seed be treated with 
ether to remove the oil, it will be found that the grains, though readily 
soluble in 10 per cent. NaCl solution, will not dissolve in saturated 
‘solution ; if, however, they be treated with alcohol instead of with ether 
they dissolve readily in both these fluids. After treatment with ether 
the globulin of which these grains consist behaves like mye 3 after 
treatment with alcohol, like vitellin. 
With reference to those grains which are only partially’ soluble in 
NaCl solutions, it appears that there is a proteid present which is neither 
a peptone nor a globulin; since this substance is readily soluble in dilute 
KHO it seems to be an albuminate. It may be fairly suggested that it 
is derived from globulin, although the conditions under which such an 
alteration is effected in seeds are at present unknown ; but that it does 
actually take place is shown by the peculiar properties of the crystalloids 
of Sparganium ramosum, to be described below. 

Passing now to the crystalloids, which are so frequently to be found 
in aleurone-grains, and in other parts of plants, it may be at once stated 
that their reactions are by no means uniform, and it is therefore probable 
that they consist of different substances in different plants. Further, it 
may be asserted, as a general rule, that each crystalloid consists of a 
single proteid substance, although I have met with rare instances 
(Sparganium ramosum, Musa Hillii, Musa Ensete), in which the 
crystalloid consisted certainly of two substances. There is, however, 
reason to believe that this heterogeneity of composition is the result of 
the gradual alteration of the crystalloid from the outside, and that it is 
originally homogeneous. The following table gives an account of their 
‘more important micro-chemical reactions :— 


A. Crystalloids entirely soluble in NaCl solution. 
a. Readily soluble in both 10 per cent, and saturated solution : 
Bertholletia excelsa, Cucurbita Pepo, Adonis autumnalis, 
Cynapium, Digitalis purpurea. 
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b. Readily soluble in saturated solution only after bieidtinndtit with *- 


alcohol: Ricinus communis, Linium usitatissimum, Viola 
elatior, Ruta graveolens, Benincasa cerifera, Datura Stra- 
monium, Atropa Belladonna, Elais guineensis, Salvia offici- 
nalis, Pinus pinea, Juglans regia, Taxus baccata. 

c. Readily soluble only in saturated solution: Solanum 
tuberosum (tubers). 


B. Crystalloids partially soluble in NaCl solution ; entirely soluble 
only in dilute KHO solution : Sparganium ramosum. 


C. Crystalloids insoluble in NaCl solutions. 


a. Entirely soluble in dilute KHO: Cupressus Lawsoniana, 
Juniperus communis, Euphorbia Lathyris. 
b. Partially soluble in dilute KHO : Musa Hillii, Musa Ensete. 


From these reactions it is possible to draw some inferences as to the 
chemical nature of the substance or substances composing the crystalloids. 
Thus the ready solubility of the crystalloids of Bertholletia in dilute 
and in saturated NaCl solutions, and their insolubility in water, clearly 
indicate that they consist of a vitellin-globulin. There are, however, 
certain observations on record which su fits to contradict this state- 
ment, Thus Hartig' and von Holle ® state that the crystalloids of 
Bertholletia are readily soluble in water at ordinary temperatures ; but | 
this has not been confirmed by subsequent observers. Both Radlkofer® 
and Maschke ‘* distinctly state that this is not the case, and the observa- 
tions of Negeli®, and of Schimper’, as well as my own, lead to the 
same conclusion. It seems probable, therefore, that the statements of 

“Hartig and von Holle are inaccurate. Again, Maschke asserts’ that 
these crystalloids dissolve in water if kept for a time at a temperature of 
from 40°—50° ©, and this statement.also occurs in Schimper’s work ; 
but there.is no evidence to show that either of these observers actually 
watched the process of solution under the microscope. From the 
reactions of a watery extract made in this way, Maschke concludes 

that the crystalloids consist of casein. My own observations tend to 
prove that Maschke’s assertion is incorrect. I find that if sections of 


1 Phanzenleim, 1858, p. 115. 2 Loe, cit. 

* Ueb. Krystalle Proteinartig® Korper, 1859, p. 65. 4 Bot. Zeitg., 1859, p. 440. 

Site. Ber, d. Miinchener Akad., 1862, p. 180. Unters. ueb. Proteinkrystalloide, 1879. 
7 Loe. cit., p. 441. 
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_ the nut, after having been freed from oil by treatment for a few minutes 
with ether, be kept in water at the above-mentioned temperature even 
for several hours, the crystalloids do not dissolve; on the contrary, they 
lose their crystalline form and their ready solubility in NaCl solutions. 
This point is an important one, inasmuch as Sachsse! has obtained a 
substance by the slow evaporation of an extract of the seeds of Berthol- 
letia made according to Maschke’s method, which he considers to be 
the substance of which the crystalloids consist. The following is the’ 
mean result of Sachsse’s analysis of it:— 


Carbon 
Hydrogen... | 725 
Oxygen 
Sulphur 1°36 


Wey! has already pointed out? that this method does not insure the. 
isolation of the substance of the crystalloids ; and when it is remembered 
that the seeds contain peptone, it is evident that the substance analyzed by 
Sachsse must have been a mixture of proteids. Schmiedeberg® again 
has availed himself of a modification of this method to obtain crystals of 
_ proteid artificially. Maschke had succeeded in doing this originally, 
but Sachsse failed in his attempt. After the aleurone-grains had been 
isolated, freed from oil by petroleum-ether, and dried, Schmiedeberg 
treated them with a large quantity of distilled water at 30°—35° C. 
The solution was then cleared by filtration, and CO, was passed through 
it. The resulting precipitate was well washed on a filter with water at 
30°—35° C. The substance thus obtained Schmiedeberg believes to 
be vitellin. It was treatéd, whilst still moist, with calcined . magnesia, 
and then warm water was added, in which it dissolved ; gradual evapora- 
tion of the solution at the above-mentioned temperature led to the 
formation of crystals which consisted of a magnesium compound of the 
_proteid. From what has been stated in the preceding paragraphs, it 
seems to be clear that the substance precipitated from the watery extract 

of the. seeds consists principally of the myosin, which is an important 
constituent of the aleurone-grains, together with, possibly, some vitellin. 
'Drechsel* also has obtained proteid crystals from the extracts of 


1 Chemie und Physiologie der Protei ete., 1877. 
2 Zeitschrift fir Physiol. Chemie, 1., 1877. 
3 Zeitschrift fir Physiol. Chemie, 1. 4 Journal fir prakt. Chemie, xrx., 1879. 
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Bertholletia and of Cucurbita by a modification of Schmiedeberg’s 
method. . There is, it’ must be admitted, no evidence to prove that the 
substance obtained by any of these methods is really the substance of 
which the crystalloids consist. On the contrary, the micro-chemical 
reactions of the crystalloids show that they are not materially affected by 
_ these methods, and that it is the substances composing the ground- 
substance of the aleurone-grains which are extracted and which have been 
obtained in the crystalline form. The method employed by Wey] is the 
only one by which the vitellin of which the crystalloids consist has been 
obtained free from admixture with other proteids. He treated the 
bruised seeds with ether to remove the oil, he then washed the residue 
well with water, and by this means removed the peptone as well as the 
myosin, which is soluble in very dilute solutions of the salts present in the 
seeds, and extracted it with 10 per cent. NaCl solution. He precipitated 
the dissolved globulin several times by diluting the solution with water 
and passing CO, through it; in this way he freed the more readily pre- 
cipitable vitellin from any myosin which may have been extracted by the 
10 per cent. NaCl solution. The last of these precipitates was taken for 
the purpose of analysis. A sample of it was found to dissolve readily in 
10 per cent. NaCl solution, and saturation of this solution with rock salt 


produced no precipitate. No myosin, therefore, was present in the 


precipitate. Finally, the substance was digested with alcohol to remove 
lecithin. The results of the analysis have been already given, as also 
those obtained by Ritthausen by analyzing the substance extracted 


from the nuts by Liebig’s method. The method by which Ritthausen 
prepared the substance which he analyzed obviously involves the pre- 


cipitation of all the proteids present in the seed, and therefore his 
analysis cannot be regarded as being of any value, in so far as the 
chemical composition of the crystalloids is concerned. It is of interest 
to note that his figures more resemble those obtained by Sachsse than 
those of Weyl, more especially as regards* the percentage of sulphur, 
and it seems probable that Ritthausen and Sachsse analyzed much the 
same mixture of proteids. It only remains to notice the statement made 
by Nexgeli to the effect that the crystalloids of this plant consist of two 
substances which are unequally soluble. Wey! has already shown that 
this conclusion refers only to crystalloids which have become altered on 
their exterior, so that a sort of membrane of precipitation (haptogenmem- 
bran) is formed, which is less readily soluble than the unaltered parts of 
the crystalloid. Normal-crystalloids present no such differentiation. 


The crystalloids of Ricinus are peculiar in their properties. They 
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dissolve slowly in 10 per cent. NaCl solution, but, they dissolve readily 
in saturated NaCl or Mg SOQ, solution, provided that. they have been 
previously treated with alcohol. In these reactions they resemble the 
aleurone-grains of certain plants which have been mentioned above. The 
effect of alcohol upon the solubility of these crystalloids is remarkable. I 
have prepared sections of the seed, treating them with ether to remove 
the oil, and kept them for more i a year in saturated NaCl solution, 
and I find that the crystalloids remain undissolved and apparently 
unaltered ; for if one of these sections be washed with alcohol, and be 
then treated with saturated NaCl solution, the crystalloids can be seen to 
dissolve instantly. It is not so easy to identify the substance of which 
the crystalloids of Ricinus consist as it was in the case of Bertholletia. 


Before they are treated with alcohol their reactions somewhat resemble _ 


those of myosin: they are insoluble in water and in saturated NaCl 
solution, but they differ from myosin in not being readily soluble in 
10 per cent. NaCl solution ; after treatment with alcohol they resemble 


vitellin in that they are insoluble in water and readily soluble in 


saturated NaCl solution ; but they differ from vitellin in that they are 
not readily soluble in 10 per cent. NaCl solution. All that can be said 
of them at present is, that they-consist of a proteid which is apparently a 
globulin, but ame from both myosin and vitellin in its properties. 

I have insisted on tie’insolubility of these crystalloids in water, because 
Ritthausen states, in his account of them, that they dissolve in water at 
from 40°—50° C, apparently without having ascertained by means of 
the microscope: whether this was the case or not. I find that digestion 
of sections of the seeds in water, after removal of the oil by ether, at that 
temperature for several hours, seems to produce no perceptible change in 


the crystalloids. It is evident that the conclusions which he draws as to 


the chemical composition of the crystalloids from an investigation of a 

watery extract made in this way cannot be of great value. I cannot, 

therefore, agree with Ritthausen’s views as to their complex proximate 

composition. I have failed to detect any indication that these bodies 

consist of two distinct. proteids, and from my observations I can only 
conclude that they consist of a single substance. 

I insert here some hitherto unpublished observations on the crystal- 
loids which occur in the cells of the potato. I find that they are in- 
soluble in water, and that prolonged treatment with 10 per. cent. NaCl 
solution produces no apparent effect; but they dissolve readily in 
saturated NaCl solution, In these reactions they differ from all other 
crystalloids which 1 have examined. They appear to consist of a 
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globulin. which is more readily soluble in concentrated than in dilute | 

_ NaCl. The existence of such a body is also suggested by the reactions — 
of the grains of Clarkia pulchella, for they, too, dissolve to a greater 
extent in saturated than in 10 percent. NaCl solution. It seems probable, 
therefore, that the myosin extracted by Zéller from potatoes, by means 
of 10 per cent, NaCl solution, was not derived from the crystalloids but 
from the other proteid cell-contents. 

The crystalloids of Sparganium ramosum are, like all others, insoluble 
in water, and they are only partially soluble in any NaCl solution. 
When treated with a 10 per cent. or with a saturated solution, the 
central portion of the crystalloid dissolves, leaving the external portion 
as a thick-walled vesicle, which dissolves readily in dilute KHO or HCl. 

= It appears, therefore, that the central portion consists of vitellin, and 
"I that the external portion consists of albuminate, produced probably by 
: a gradual alteration similar to that which leads to the formation of the 
“ haptogen-membrane”’ in the crystalloids of Bertholletia, as mentioned 

above. 

This alteration appears to have extended throughout the whole mass 
of the erystalloids in Cupressus Lawsoniana, Juniperus communis, and 
Euphorbia Lathyris, for they are insoluble in NaCl solutions and dissolve 
in dilute KHO. In the case of the crystalloids of Musa Hillit and of 
Musa Ensete, it seems as if the albuminate had been converted to a 
considerable extent into coagulated proteid: 

The results of my observations upon the ii cis may be briefly 
stated as follows : 


A. Proteids insoluble in distilled water, piles te NaCl solutions: | 
Globulins. 


a. Readily soluble in both 10 per cent. and in saturated solution : 
vitellin. 
b. Slowly soluble in 10 per cent., readily soluble in saturated 
solution after treatment with alcohol: substance forming 
erystalloids of Ricinus. 
: c. Insoluble in 10 per cent., soluble in saturated solution: sub- 
stance forming crystalloids of the potato. | 


B. Proteids insoluble in distilled water and in NaCl solutions. 


a. Soluble in dilute acids and alkalies : albuminate. 
b. Insoluble in dilute acids and alkalies : coagulated proteid. 
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It is of interest to note the fact that most of the substances which I 
found in the grains recur in the crystalloids, more especially vitellin and 
its derivatives ; thus the peculiar globulin which form the crystalloids of 
Ricinus appears to be present in the grains of Helianthus, and a similar 
connection has been suggested between the potato and Clarkia pulchella; 
but I have not yet succeeded in discovering a Mj Aspamens consisting of a 
body resembling myosin. 

My observations directly confirm those of Hoppe-Seyler and of 
Weyl, and are in contradiction to those of Ritthausen. It will be 
seen that in the great majority of cases the grains are entirely soluble in 
NaCl solution, and therefore it is clear that they do not contain any 
_ substance of the nature of a vegetable casein. When such a substance 
did occur I had no difficulty in recognizing its presence. The discovery 
of the existence of such a substance in certain seeds affords no support 
to Ritthausen’s view, for they were not the seeds upon which his 
observations were made. I entirely failed to discover the presence of 
such a substance in those seeds which he especially mentions as con- 
taining it, namely, those of the lupin, the pea, and other leguminous 
plants. | 

In concluding the discussion of this part of the subject, I would add 
a few remarks on a point to which I have already drawn attention, 
namely, that alcohol acts very slowly in rendering the vegetable globulins 
| insoluble i in solutions of neutral salts. Grains of Ricinus, for example, after 
having been in alcohol for weeks, give all the micro-chemical reactions 
mentioned above with the same readiness as do fresh ones, and I have 
found the same to be the case with the grains of several other plants. 
This is true of the globulins not only so long as they exist. in the form 
of aleurone-grains or of crystalloids, but also after their extraction ; 
thus, the precipitate obtained by diluting a 10 per cent, NaCl extract of 
Ricinus seeds was quite soluble in 10 per cent. solution after having - 
been fora month in alcohol. If the action of alcohol be prolonged for 
several months the solubility of the globulins in neutral saline solutions — 
gradually diminishes, but they are still readily soluble in dilute KHO. 

I will now give some account of the vegetable peptone which has 
been so frequently mentioned in the preceding pages as being a proteid 
which occurs, universally as it would seem, in aleurone-grains, and which 
is soluble in: distilled water. I have extracted this substance in con- 
siderable quantities from the lupin and the peony, from Ricinus, 
Bertholletia, Cynoglossam, and from wheat-flour. From the Jupin I 


prepared it in especially large quantity for the purpose of becoming 
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acquainted with its properties and of determining its ultimate com- 
position. The following are its most important properties :—It dissolves 
réadily in distilled water, giving a clear, faintly-yellow, neutral solution 
in which boiling produces no precipitate ; it is precipitated from its 
solution in water by the addition of a small quantity of nitne or acetic 
acid, and it re-dissolves in excess of the acid ; there is an immediate 
precipitate when potassic ferrocyanide is added to its solution in excess 
of acetic acid ; the solution gives the xanthoproteic and Millon’s re- 
actions, as well as a very distinct biuret-reaction ; it is precipitated by 
alcohol, and it may be preserved under alcohol apparently for any length 
of time without undergoing any perceptible change. Careful and re- 
peated experiments show that it does not dialyse through membranes. 
These reactions clearly prove that this substance is a proteid belonging 
to the group of the peptones, and in that it is precipitated from its 
solution in water by the addition of a small quantity of acid, and in that 
it does not dialyse, it resembles the a peptone of Meissner and the sub- — 
stance to which Kiihne' has given the name of hemialbumose. In 
consequence < of this resemblance I have ventured to apply this name 
to it in my papers on the subject. 

The substance was obtained as pure as possible from lupin seeds by 
the following method. In the preparation and in the analysis of it I 
had the benefit of the valuable advice and assistance of my friend, Dr. 
A. Kunkel, of the University of stent for which I am ory 
indebted to him. 


The seeds were ground in a hand-mill, ed AE 


- possible from the seed-coats ; the meal was then extiacted for several 


hours with ether, and then with alcohol ; three or four times its weight 
of water was then added to it, the fluid was neutralized by the addition 
of Na, COQ;, and the whole was boiled ; it was then placed on a filter, the 
filtrate was again boiled and concentrated by evaporation on a water- 
bath, and finally the concentrated extract was allowed to filter into a 
considerable quantity of alcohol, which caused the formation of a bulky 
precipitate. The substance thus obtained was found to be readily 
soluble: in distilled water, but a distinct precipitate was produced when 
the solution was boiled. It was found by incinerating a small portion 
that it yielded_a considerable ash, consisting principally of phosphates 

of calcium and magnesium. It seemed probable that the precipitate 
produced by boiling the watery solution of the extracted substance was due 


1 Perhandl. d. Nat.-Med. Vereins tu Heidelberg, Ba. 2., 1876. 
PH, Itt. 8 
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to the presence of some other proteid which was held in solution by means 
of the phosphates present. It was found that precipitation of a portion 
of the substance from its watery solution by means of acetic acid 
diminished considerably the ash obtained by incineration, The whole 
of the substance extracted was therefore re-dissolved in water, and acetic 
acid was added so long as a precipitate was formed ; the fluid was then 
filtered, and the precipitate was washed with large quantities of alcohol 
until an acid reaction could no longer be detected ; it was then dried 
over H, SQ, in an air-pump. The dry substance was in large white 
masses, having a conchoidal fracture, and dissolving slowly but com- 
pletely in distilled water; the solution now gave no peaes on 
boiling. 
The analysis gave the following results, the nitrogen having been 
estimated by Dumas’ method :— 


Ash os per cent. 
erage, of phosphoric acid, calcium, and magnesium. 
Carbon 
Hydrogen... 7°24 
Nitrogen 
Sulphur 1°52 


Oxygen 
100-00 


The figures the composition of the 
calculated ash-free. 

I am not aware: that a substance of this kind has been hitherto 

obtained from seeds, although it must necessarily have been present in 
the watery extracts nite by various investigators. Thus Ritthausen 
states that the aleurone-grains and crystalloids of Ricinus contain nitro- 
genous compounds, probably in the form of glucosides, which are readily 
soluble in water and in dilute salt solutions, and which are uncrystalliz- 
able. Since he gives no account of the reactions of these substances it — 
is not possible to identify them, but it may be safely assumed that they 
really vegetable peptone. 

Now that the aleurone-grains of seeds have been shown to consist 
generally of globulins and of peptone, it will be of interest to see in 
how far Ritthausen’s results can be explained by means of these new 
facts. The substances which. he extracted from various seeds, such as 
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legumin, conglutin, and gluten-casein, are doubtless mixtures of these 
globulins, more or less altered into alkali-albuminates by the potash used 
in their extraction, with peptone, and the different properties of the © 
various substances depend upon the relative proportions of peptone and 


of globulin which the mixture contains. Legumin, for instance, is said 


to be less soluble in water than conglutin, which means that the propor- 
tion of peptone to globulin or albuminate is greater in the latter than in 
the former substance. Gluten-casein is said to be almost insoluble in 
water; this is evidently because nearly the whole of the peptone is 
necessarily washed out: in the process of preparing the gluten. Some 
important evidence in justification of this mode of interpreting his results 
is afforded by a comparison of the percentages of sulphur found to be 
present in the substances extracted from seeds by Liebig’s method, by 
Denis’ method, and by Maschke’s method respectively. Such a com- 


parison is possible in the case of Bertholletia, since analyses have been 


made of the substances obtained from the seeds of this plant by each of 
these three methods. The highest percentage of sulphur (1°36) was 
found by Sachsse in the substance extracted from them by Maschke’s 
method; the next was that found by Ritthausen (1°32) in the sub- 
stance extracted from them by Liebig’s method; and the lowest was 
that found by Weyl (0°55) in the substance extracted from them by — 
Denis’ method. Of these methods Maschke’s is the one which 
involves the extraction more especially of the peptone present in the 
seeds, and accordingly the percentage of sulphur found in the substance 
falls but little short of that in pure peptone (1°52). Liebig’s method — 
involves the extraction of a larger amount of globulin, and in this case 
the percentage of sulphur is smaller. Denis’ method involves the 
extraction of as much globulin and of as little peptone as possible, and 
accordingly the percentage of — in 1 the substance extracted is, very 
much diminished. 

It now becomes possible to commence the study of the nitrogenous - 
metabolism accompanying the germination of seeds with some prospect 
of success. Since their first discovery the aleurone-grains have been 
usually regarded as aggregations of-reserve-proteids laid up in the seed 
for the nourishment of the embryo, and it is doubtless their fate to be 
more or less absorbed, It is certain that the asparagin and other 
crystallizable nitrogenous bodies which have been detected in germinating 


seeds are derived from the oT since Boussingault* 


Agronomie, 1868, Tome p. 245. 


i 
a 
4 
i 
if 
q 
Dir 
43 
. 
4 
iy 
a 
a) 
x 
/ 
4 
Wy, 


112 S. H. VINES. 


showed that the amount of nitrogen in a seed was constant during — 
germination, provided, of course, that the seedling was not permitted to 
absorb any nitrates or salts of ammonia from without; but no attempt 
appears to have been made to ascertain which of the proteids is more 
especially decomposed for this purpose. This question is answered to 


some extent by some observations which I have made on the seedlings 


of a lupin (Lupinus hirsutus). A number of seeds were sown in damp 
saw-dust and the seedlings grew, in the dark, for several days, until they 
were four or five inches long. The cotyledons were carefully removed, 
and two watery extracts were made, the one of the cotyledons, the other 
of the remaining parts of the seedlings. The extract-of the cotyledons 
was found to contain vegetable peptone in abundance, whereas no trace 


of this substance could be detected in the extract of the seedlings, which 


contained much asparagin. It appears, therefore, that there is a genetic 
connection between these two substances, the indiffusible peptone stored 
in the cotyledons being converted into asparagin (and probably other 


_ substances also of a similar kind), and that it is in the form of these 


complex nitrogenous, but not proteid, substances that the seedling 


receives its supply of nitrogen from.the cotyledons. The occurrence of 
such substances suggests that the process by which they are produced 


may be somewhat of the same nature as the pancreatic digestion of 
animals. 

It is not possible to state definitely what is the physiological 
significance of the globulins which have been shown to occur in a large 
number of seeds. Possibly they may contribute to form the protoplasm 
which is found in the cells of cotyledons and in éndosperm-cells during 
germination, for it does not seem likely that this-is merely the scanty © 
and almost insoluble proteid matrix which surrounded the aleurone- 
grains in the quiescent seed that has become quickened into life. But, 
even admitting that globulins may have been thus taken to form proto- 
plasm, it would hardly be possible to account for the whole of them in 
this way, for whereas the aleurone-grains and the matrix in the'cell of a 


quiescent cotyledon, for instance, entirely fill its cavity, the protoplasm 


of the cell at a late period in the process of germination forms little more 
than a thin lining to its wall. It seems probable, therefore, that these 
globulins are absorbed by the young plant. There is nothing ih what is 
known as to the occurrence of globulins in the animal kingdom which 


- would be in opposition to such a view; on the contrary, the presence 


of vitellin as the chief proteid constituent in the yolk of hens’ eggs goes _ 
far to confirm it. It peony becomes converted into peptone during 
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germination by a proteolytic ferment, and then further into asparagin, 
leucin, tyrosin, &. 

It is of interest to note here that the first effect of pancreatic diges- 
tion upon fibrin is to convert it into a substance which is insoluble in 
water, slightly soluble in saturated NaCl solution, and readily soluble in 
10 per cent, NaCl solution ; a substance, therefore, which is apparently a 
globulin and which approaches myosin in its properties. Iti ig certainly 
remarkable that the reserve-proteids of plants should consist of substances 
which find near allies in the products of the digestion, more particularly 
the pancreatic, of protéids by animals. The probable mode of their 
formation in plants is a subject which offers a tempting field for specula- 
‘ tion, but I will defer any discussion of it until it has been submitted to 
experimental research. 


The following is a classified list of the plants, the seeds of which have 
been examined: the classification is founded principally on micro- 
chemical observations, only those which are sia in italics having 
been investigated macro-chemically 


CLASSIFICATION OF ALEURONE-GRAINS. 


I. Soluble in Water (grains all without crystalloids) : 
Paonia 0 is, Ranunculus acris, Aconitum Napellus, Anemone 
Pulsatilla, Nigella damascena, Helleborus om Amygdalus com- 
munis, Prunus Cerasus, Pyrus Malus, Cynara 0 Scorzonera 
hispanica, Leontodon Dipsacus onum, 


purpurea, Phlox Drummondi, Foeniculum officinale, Impatiens — 
Vitis vinifera. 


II. Comply ad mre oo ely, 10 pero NaCl 
solution. 


a. Grains without crystalloida: 
(1). NaCl solution after treatment wit alcoho 


Lupinus hirsutus, Vicia Faba, Pisum sativum, Phaseolus multi- 
florus, Allium Cepa, Iris pumila (var. atroceralea), Colchicum 
autumnale, Berberis vulgaris, Althza rosea, Tropeolum majus, 
Mercurialis annua, Empetrum nigrum, Primula officinalis. 
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8. H. VINES. 
(2). —- in saturated NaOl solution after alcohol, but not after 


Helianthus annuus, Platycodon (Wahlenbergia) diflora, Ero- 
dium gruinum, Sabal Adansoni, Delphinium cardiopetainm, Trollius 
euro Actea spicata, Caltha palustris, Aquilegia vulgaris, Cam- 
panula rotundifolia, Dianthus Caryophyllus, Brassica Rapa, Lepidium 
sativum, Medicago sativa, Cedrus Deodara, Larix europea, Ephedra 
altissima, Cynoglossum officinale, Spinacia oleracea. 


_ b, Grains with crystalloids. 


1), stalloids soluble in saturaled NaCl. solution treatment 
Oe with alcohol or ether : da 


Bertholletia excelsa, Adonis autumnalis, Cynapium, 
Digitalis purpurea, Cucurbita Pepo. 


(2). Orystalloids soluble in saturated NaCl solution after alcohol, but 
not after ether : 


Ricinus communis, Datura Stramonium, Atropa Belladonna, Elais 
guineensis, Salvia officinalis, Taxus baccata, Pinus pinea, Cannabis 
sativa, Linum usitatissimum, Viola elatior, Ruta graveolens, J —_ 


regia. 
III. Partiall in 10 per cent. NaCl solution (grains without 


(1). in 1 per cent. Na, CO, 
Pulmonaria mollis, longiflora, Borago caucasica, 
Myosotis palustris, Clarkia pulchella. oi 
(2). Entirely soluble only in dilute KHO pomntion. 
a. Grains without crystalloids : 
Anchusa officinalis, Lithospermum officinale, Echium vulgare, 
Heliotropium peruvianum, Lythrum Salicaria. 
b. Grains with orystalloids : 
Cupressus Lawsoniana, Juniperus communis, Euphorbia Lathyris. 
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CONCERNING THE INFLUENCE OF SEASON AND OF 
TEMPERATURE ON THE ACTION AND ON THE 
ANTAGONISMS OF DRUGS. By SYDNEY RINGER, MD., 
Professor of Medicine at University College, London. 


I. The Influence of Season on the Antagonism of Pilocarpine. 
and Muscarin. 


I wAvE elsewhere shown that pilocarpine! antagonizes the action of — 
extract of muscaria on the frog’s heart, and atropia the action of 
aconitia*, On reverting to this subject at another season of the year, I 
was astonished to find that these antagonisms were far less marked, and, 
in many instances, were indeed absent altogether. With the assistance 
of Dr. Murrell and Mr. Morshead I have re-investigated the subject, 
only to find that these antagonisms are largely influenced by temperature. 
I first noticed in October that the antagonism between pilocarpine 
and extract of muscaria was much less marked than in my previous 
experiments in July and August. In my winter experiments I found 
that the degree of antagonism varied very considerably. The antagonism 
was much more marked in frogs kept in a warm room than in frogs kept 
in the cold cellars, and this led me to attribute the difference in the 
amount of antagonism to difference of temperature, and the following 
experiments are designed to test the correctness of this supposition. 
During each month, from October to July inclusive, I made about a 
dozen experiments with pilocarpine and extract of muscaria on frogs kept 
in the college cellars, where the temperature is much the same as that of 
the external air. I find that the amount of antagonism depends largely 
on the temperature. 
In January I kept some frogs in a warm chamber at 60° Fah., and 
with these animals I found the antagonism nearly as perfect as in my 
previous experiments made in summer. 
I used a 1 in 5 solution of extract of muscaria, and a 2 per cent. 


1 Journal of Physiology, Vol. 1. 2 Journal of Physiology, Vol. m.- - 
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solution of nitrate of pilocarpine. 
nitrate of pilocarpine being the more acid. 

I destroyed the brain, and then divided the thorax, and cut through 
the pericardium, and applied the extract of muscaria to the nae; and 
when it had stopped I applied the pilocarpine solution. 

In Table I. I give the average results of experiments made from 
October to June inclusive, on the hearts of frogs kept at the. natural 
temperature of the season, 


Antagonism on Heart of Frogs kept in the Cellars. 


of the ge: | After the of 
Month. beats increased on| %e#ting on an cation of 
ments an average 
| 2 Good in two. 
October 6 12 beats 107 minutes |< Fair in one. 
: Very weak in four. 
| Good in four. 
November} 9 12 beats 46 minutes |< Very weak in two. 
, No antagonism in three. 
, Good in one. 
December} 11 8 beats 80 minutes Weak in five. 
No antagonism in five. 
Good in five. 
January 10 7 beats 86 minutes Weak in two. : 
No antagonism in three. 
| A Weak in three. 
February 73 4 beats 24 minutes | + antagonism 
ie Good in three. 
March 10 _ 8 beats 85 minutes |< Weak in one. 
No antagonism in six. 
Good in eight. 
April 11 12 beats 4 hours | Wasi tn Maven* 
Good in ten. 
May 12 | 28 beats 9 hours |) Weak in two, 
June 9 40 beats 20 hours | Good in ell. 


This table shows the marked influence of the season on the 
antagonism of pilocarpine for extract of muscaria. This is shown in the 
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number: of beats restored to the heart after the application of the pilo- 
carpine, and also by the long time the heart continued beating, and by 
the number of cases in which the antagonism occurred, In the colder 
months, as October to March inclusive, the antagonism was slight and 
often absent, whilst in the warmer months the antagonism was strongly 
marked, and in proportion to the height of the temperature. 

I may here repeat that in different experiments in each month the 
amount of antagonism often varied considerably, and this difference was 
always associated with change of temperature. After three or four 
warmer days the antagonism became more marked. 

In December and January I made fourteen observations on frogs 
kept, on an average, five days in a Page’s warm chamber, at 60° Fah., 
and in these the antagonism was well marked, as the following table of 
the averages show. 


After the a ation of plo The 


27 25 hours Good in every instance. 


These experiments on frogs kept several days at about 60° Fah. 
conclusively prove that temperature influences the antagonism between © 
pilocarpine and extract of muscaria, and that the antagonism is well 
marked only in frogs kept at about 60° Fah. 

"The recovery in the frequency and strength of the heart’s beats, after 
the application of pilocarpine, is not a simple recovery from the effects — 
of the extract of muscaria, but is due to the antagonizing effects of 
pilocarpine ; for in thirty test experiments made in October, November, 
and December, with extract of muscaria alone, in two only did the heart 
improve ; in the rest the heart grew progremivaly wae, and in a short 
time stopped. 

In order that the antagonism should be well marked the frogs must 
be kept i in a warm temperature several days. I noticed this in frogs 
kept in the laboratory. If kept there for one day only, no more than 
a slight or no antagonism occurred at all; but if kept there several 
- days the — became much more decided. | 
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In January I destroyed the brains of six frogs just brought from 
the cellars and exposed their hearts, and then placed the animals in a 
warm chamber at 75° Fah., and after fifteen minutes I tested the 
antagonism of pilocarpine and extract of muscaria. After the application 
of pilocarpine the beats rose on an average 3, and the pulsations con- 
tinued on an average 11 minutes. In three experiments the beats were 
very weak, and in three there was no antagonism. 

We may conclude, therefore, that if the temperature of the heart is 
quickly raised to the temperature of summer, the antagonism remains 
so slight that it is almost nil, and I find that it requires several days at 
a warm temperature to establish the antagonism. 

The antagonism of pilocarpine and extract of muscaria is most 
marked on the auricles, for the action of muscaria is much more 
marked on the auricles than on the ventricle. On the application of 
extract of muscaria the auricles speedily become motionless, whilst the 
ventricle may for several hours continue beating. Yet almost at once 
the pilocarpine restores good contractions to the auricles. © 

During the period of sexual activity the antagonism I noticed was 
but slight. 

The difference in the amount of antagonism at different seasons. of” 
the year, and dependent on differences in temperature, shows that the 

_ affinities of the protoplasmic molecule are modified by temperature, and 
implies that the chemical composition of the molecule undergoes some 
change from the effects of temperature. 


CoNCLUSIONS. 


1. The antagonism of pilocarpine and of: at: the 
frog’s heart varies in different months. 

2. In the summer months pilocarpine always strongly antagonizes 
extract of muscaria; but in the winter months there is often no 
antagonism, and even when it occurs, it is generally slight. 

3. This difference is due to temperature, for if in the winter months 
frogs are kept for several days at 60° Fah. the antagonism becomes 
well marked, and indeed as strong as in the summer months. 

4. This seasonal difference in the antagonism of these two agents 
suggests that in summer and winter respectively there is a difference 
in the composition of the — — of the cardiac struc- 
tares of the _ heart. 
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Il. The Influence of Season on the Antagonism of Atropia 
and Aconitia. 


In Vol IIL, No. 1, of the Journal of Physiology, I have recorded 
some experiments shining the antagonism of atropia and aconitia in 
the frog’s heart. These experiments were made in September. Atropia, 
I found, restores the contractions in a heart arrested by aconitia, and | 
strengthens, accelerates, and co-ordinates the heart simply piacnenieg 
slowed, and in-coordinated by aconitia. 

On repeating these experiments in December, January, and March, 
I found the antagonism either absent or very slight. 

I injected 7; grain of aconitia under the back of frogs weighing 
from 33 to 76 grammes, and when the animal was nearly paralyzed 
I destroyed the brain, then exposed the heart, divided the pericardium, 
and applied a 2 per cent. solution of sulphate of atropia. The aconitia 
was dissolved by the aid of a small quantity of sulphuric acid, and 
the solution consequently had a slight acid reaction. — 

Before recording my results, I may first state that aconitia exercises 
a far more powerful effect on the ventricle than on the auricle. Indeed, 
in some cases, the auricles beat well even when the ventricle was com- 
pletely paralyzed, so that mechanical stimulation failed to excite it to 
contraction. It is needless to describe the experiments in full, so I shall 
record only the results. 

In December and January I made eleven observations. In eight of 
these there was no antagonism in respect of the ventricle ; in the re- 
maining three was a slight ventricular antagonism. In every instance 
the atropia markedly antagonized the action of aconitia on the auricle 
and restored good contraction. 

In March I made six experiments. In four the atropia did not 
antagonize the action of aconitia on the ventricle; in one good, and in 
another feeble contractions returned to the ventricle; but in all the 
experiments good contractions returned to the auricles. 

I next made, in December, a very few experiments regarding the 
influence of temperature on the antagonism, and although these ex- 
periments are too few to be decisive, they are perhaps worth recording. 

In the case of a frog kept at 60° Fah. in the warm chamber for 15 
hours, no antagonism occurred in the ventricle. The auricles beat well 
on the.application of atropia. 

I kept two frogs at 60° Fah. for 46 hours. In one a moderate 
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amount of antagonism occurred ; in the second no ventricular antago- 
nism took place, In one there was marked auricular antagonism ; in the 
other case the auricles beat well before the application of atropia. 
These experiments seem to make it probable that 46 hours is in- 

sufficient time to change the condition of the heart and to restore the 
antagonism of atropia and aconitia. : 

It appears, then, as in the case of pilocarpine and extract of muscaria, 
that the antagonism of atropia for aconitia varies greatly at different 
times of the year ; and I conclude that the amount of antagonism is 
closely related to temperature : that the antagonism is well marked in 
the warm months, and is absent in the ventricle in the cold months. 

Pantelejeff? finds that the antagonism of atropine for quinine on 
the frogs’ hearts is affected by the time of year. In summer frogs, 
quinine arrests the heart in diastole, and atropia causes the heart at once 
to resume its pulsations. In winter frogs, quinine arrests the: heart 
much more slowly, whilst wictacias instead of obviating actually increases 
this arrest. 


Ill. The Influence of Temperature and Season on the Action 
of Atropia on the Heart. | 


The action of atropia on the heart is different in the cold months as 
compared with its action during the warm months. I have tested the 
action of atropia in the winter months by the application of the solution 
to the heart in situ, exposed by opening the thorax. I have also used 
Roy’s tonometer. I made my observations in January, February, and 
March, and though I have careful notes of eleven experiments only, I 
_ performed many more. I used a 2 per cent. solution of sulphate of 
atropia and applied it freely to the heart. The solution was never colder 
than the frog’s heart, but may have been sometimes a little warmer, as 
whilst the frogs were kept in the cellar the solution was kept in the 
physiological laboratory where the experiments were performed. 

In all these experiments the heart was much slowed, though each 
cardiac contraction was much strengthened. The diastolic dilation of — 
the ventricle was decidedly increased, and thé ventricular contraction 
grew much stronger and prolonged, the ventricle becoming very small 
and pale. Immediately on the completion of the systole the ventricle, 


1 Lancet, July 31, 1880, p. 176. 
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even before the auricular contraction, became widely distended —_ 
blood. 

The hearts beat on an average 35 per minute before the application 
of atropia, and afterwards fell on an average to 19-5. Thus the atropia 
reduced the number of beats to nearly one half. 

Whilst each beat became stronger and propelled more blood, it was 
evident that there was a decided diminution of the amount of hekrt-Work 
done in a given time. The great reduction of the frequency of the 


heart's beats, in fact to nearly half, more than compensates for the 


increased force of each systole. ThefSfore, though this agent strengthens 
each contraction and increases the quantity of blood it propels, yet since 
it diminishes the total amount of work done, atropia must be considered 
a weakener of the heart. 

Tracings by means of a lever placed on the heart demonstrate that 
both the systole and the diastole are greatly prolonged, especially the 
diastole. The proportionately greater increase in the diastole over the 
increase in the. systole clearly shows that atropia must diminish the 
amount of work done in a given time. 

Experiments with Roy’s tonometer likewise fully confirm my 
previous statements, and show that both diastole and systole are much 
prolonged, the diastole largely in excess of the systole. 

In summer atropia affects the heart differently. Soon after the 
topical application the heart becomes slowed to about half its previous 
rate, with very prolonged diastole, and during this period ‘the heart lies 
empty and flaccid. The auricular contraction forces but little blood into 
the ventricle, which consequently becomes very imperfectly distended, 
and the ventricle on contraction does not become very pale. The heart 
is indeed: not only, it is evident, considerably slowed, but the circulation 
is greatly retarded, and to me it seems that each ventricular contraction 
is weaker. : 

Next I undertook some observations to ascertain whether the effect 


_ of atropia, so different in the summer from the effect in winter, is due to 


temperature. 

I exposed the hearts of four brainless frogs, and placed them in the 
warm chamber. - Having kept the frogs in the warm.chamber (about 70° - 
Fah.) long enough to ageelerate the hearts from about 30 to about 60 
beats per minute, I freely applied a 2 per cent. solution of sulphate of 
atropia of about the same temperature as that of the animal’s tissues. 
The atropia I found affected these hearts so treated in the same way as 
it affects the hearts of summer frogs. The difference, therefore, in the 


Be 
‘ 
a 
t 
J 
. 
a 
a 
a 
4 
ag 
iq 
f 
= 
f 3 


S. RINGER. 

action of atropia in the winter contrasted with its action in the summer, 
is largely, if not entirely, due to temperature. 

«All this difference, however, as regards the summer (warm) heart, 
cannot be attributed to the effect of atropia on the ventricle, but must 
be due to its influence either on the auricles or on the blood-vessels. 
The ventricle of the summer heart when treated by atropia becomes, 
during diastole, only imperfectly distended with blood. Roy? has shown 
that the size of the ventricle, or in other words, the amount of blood it 
receives, depends on the amount propelled into it by the auricles. 
Therefore the undistended ventriclg after the application of atropia, must 
be due either to feeble contractions of the auricles or to their receiving 
but little blood to propel ; and I think the latter alternative affords the 
true — 


1, Atropia in winter affects the heart in a very similar way to cold. 
Both diminish the number of beats, prolong and strengthen the systole, 
prolong the diastole, and increase the diastolic dilation of the ventricle. 
The diastole is prolonged much more than the systole. 

2. In summer atropia lessens the amount of blood going to the | 
ventricle during diastole, for during the auricular contraction the 
ventricle still remains only partially filled, and I think the ventricular 
contraction is weakened. _ . 

3. In both winter and summer atropia lessens the amount of heart 
work; for even in winter, when each ventricular contraction is stronger, 
so as to propel more blood at each stroke, the great reduction in the 
number of beats -more than nes desis for the increased force of each 
contraction. 


IV. The Influence of Temperature and Season on the Action 
| of Muscarin on the Heart. 


The effect on the frog’s heart of extract of muscaria in winter differs _ 
- from its effects in summer. In the winter months the extract or cold 
affect the heart in almost exactly the sama, way, the correspondence 
being greater than that between cold and atropia: for atropia never 
slows the heart to the extent that great cold does, whilst extract of 


} Journal of Physiology, Vol. 1, p. 452. 
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muscaria slows the heart equally with cold at or even rather below 
freezing-point. 

In these experiments—made in January, February, and March—I 
used a 1 in 5 solution of extract of amanita muscaria. 

If topically applied to the heart in the winter months extract of 
muscaria greatly slows and increases the strength of the ventricular 
contraction, affecting the ventricle, as I have said, just like cold or like 
_atropia in the winter months. The diastolic dilation is decidedly 
increased and the systolic contraction grows much stronger, the ventricle 
becoming smaller and paler, whilst. the duration of the systole is pro-— 
longed. The contractions in many cases fell to two in the minute, and 
yet they were stronger than before the addition of the extract of 
muscaria. This increased diastolic dilation and increased systolic 
contraction often continues till the heart stops; in other cases the 
strengthened contractions persist a variable time, then the ventricular 
contractions grow weaker and weaker, till at last, reduced to a mere 
flicker, they cease in wide diastole. This effect on the ventricular con- 
traction we observed in our January experiments, not only in frogs 
brought from the cellars but in frogs kept in a warm chamber for fdtr 
to six days; but the primary strengthening of each contraction persisted 
much longer in the cold than in the warm frogs, sometimes continuing 
in the cellar frogs for more than half an hour. 

The effect on the auricles is very different, for in every instance the 
contractions at once grew weaker and soon ceased, so that we had a 
heart with paralyzed auricles, but with ventricle feonly dilated and very 
strongly contracted. 

It appears then that the different effect of extract of musecaria in the 
winter compared with the summer months is limited to the ventricles. __ 

Roy has shown that the degree of ventricular dilation depends on 
the amount of blood propelled by the auricular contraction anf the 
venous pressure. In our experiments the ventricular distension was 
due to the blood sent into the ventricles chiefly from the veins. For we 
have seen that immediately on the application of extract. of muscaria the 
auricles grew weak and soon ceased beating, yet the ventricles still 
became widely distended during each diastole, so that at first the greater 
part, and finally the whole, of the distension was due to the veins. 

The share the veins played in producing the ventricular dilation 
became manifest even whilst the auricles continued beating. The heart 
became greatly slowed, and at the moment of completion of the systole 
the ventricle at first rapidly dilated and became filled with blood, but 
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towards the end the dilation became relatively much slower, and then 
the auricles contracted, increasing in a slight degree only the ventricular 
distension. The increased diastolic distension of both the auricles and 
the ventricle is, I think, susceptible of explanation. The extract of 
muscaria reduces greatly the frequency of the heart’s contractions, and 
thus gives ample time for the arteries, both by virtue of their elasticity 
and of their muscular contraction, to empty themselves, to distend the 
veins, and to heighten venous tension. This heightened venous tension, 
aided by the prolonged diastolic pause, forces a larger and unusual 
quantity of blood into both auricles and ventricle, and causes in both 
unwonted distension. The auricles being weakened do not empty them- 
selves with each contraction, and soon become motionless; but the 
ventricle being strengthened the whole of its blood i is strongly propelled 
into the aorta. 

After the application of extract of muscaria it is true that each 
ventricular contraction decidedly gains in strength, and owing to the 
increased diastolic dilation more blood is propelled with each ventricular 
contraction ; still, as in the experiments with cold or atropia, the heart 
does a far less total amount of work. The application of extract of 
‘muscaria solution may, for instance, reduce the beats to 6 or even to 2 
in the minute, and though each beat, after the application of the extract, 
propels more blood with greater force than before, yet there must be a 
marked falling off in the total amount of work done in a given time. 

_ To eliminate the muscular contractility of the arteries and to observe 
how the heart comports itself when treated with extract of muscaria, I 
destroyed not only the brain but likewise the spinal cord, and then 
having exposed the heart, I applied the solution. To my surprise the 
musearia instead of strengthening the ventricular contraction at once 
ogy weakened it, and in a few minutes arrested it. Muscaria, in fact, 
on the heart in all respects as in the summer months. 

In numerous tracings of the ventricle with the groove attached taken 
with Roy’s tonometer, I never found extract of:muscaria to produce any 
primary strengthening, but the curve at once grew lower, sharper, and 

shorter. 


i 
4 
i 
oy 
ay 
NY § 
f 
¥ 
| 
7 
BS J 
a 
4 
4 
7 
§ 
> 


THE ELASTIC PROPERTIES OF THE ARTERIAL WALL. 
By CHARLES §8. ROY, M.D., sit Henry Lewes Student. 
Pl. V., VI., VII. 


(From Experiments made in part in the Strassburg Physiological Institute.) 


Havin found it desirable, in the course of some investigations on the 
form of the pulse-wave, to elucidate one or two points connected with the 


elasticity of the arteries, I was led to undertake a number of experiments — 


on the subject. These observations have become more extended than was 
at first contemplated, so much so that I consider it advisable to describe 


_ ina separate communication the results at which I have arrived. 


At first I sought only to determine, by direct experiment, what is the 


relation which exists between the intra-arterial pressure and the cubic ~ 


capacity of any given portion of artery. In the course of my work 
on this subject, however, a number of facts came under my notice which 
seemed to deserve further investigation, and I was thus led to widen the 
limits of my experiments. 


I. Elasticity of Animal Tissues in general. 


Amongst those physical properties of the walls of the arteries which 
came to light in the course of this research, some, as might have been 


expected, were found to characterize other animal tissues as well, and to | 


one or two of these I would call attention before treating of those attri- 
butes of the elasticity of the arterial wall which are peculiar to it, and 
which, apparently, are intimately bound up with its function in the 
animal economy. 

It is now pretty generally accepted that, in one important particular 
at least, the elastic properties of moist inorganic substances are markedly 
differut from those of metals, glass, dry wood, &c. In the case of these 
latter the law of Hooke, ut tensio sic vis, is still held to be practically 
correct ; within certain limits the elongations produced by weights are 
proportionate to the weights employed. 

With animal tissues (excepting bone) this law does not hold good. 
The increments in length, produced by the addition of successively 
increasing weights, diminish gradually in proportion to the weights 
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isialc. The curve of longitudinal elasticity (for example, of a portion 
of voluntary muscle or a strip of skin), constructed by taking the weights 
used to elongate the piece of tissue as the abscissx, the elongations being 
taken as the ordinates, is, as was first shown by Werthheim',a curve 
which is coneave towards the abscissa line, and which bears a certain 
resemblance to a hyperbola. With a metallic wire, on the other hand, 
the curve constructed in a similar manner is at first more or teas 
perfectly straight. 

This difference in the behaviour of animal tissues as compared with 
metals cannot be explained, as was attempted by Wundt®%, by ascribing 
it to. the employment, in the case of experiments on animal tissues, of 
too great a range in the value of the “ se iy combined with 
-a faulty method of i inquiry. 

When we examine the matter.a little more closely we find, moreover, 
that the difference in the longitudinal elasticity of metals, as compared 
with that of animal tissues, is still greater than it appears at first sight. 
For many metals, at least, the curve of elasticity, constructed in the above- 
mentioned. manner, is only within comparatively narrow limits a straight 
line, and on its ceasing to be straight the convexity of the bend which 
it takes is turned towards the abscissa line, giving therefore an entirely 
different form of curve from that found in the case of animal tissues. 
It is only with still further increase in the weights employed, and long 
after the so-called limit of elasticity has been passed, and the break- 
ing point is approached, that the curve of these metals comes to resemble 
that of animal tissues in so far that the [POReRETN is turned nese 
the abscissa. 

There is, then, a very steikting difference i in the longitudinal clastcity 
curve of animal tissues and that of metals. So striking, indeed, is this 
difference that we might reasonably anticipate that it would be accom- 
panied by other distinctive peculiarities in the physical characteristics of 
the two sets of substances. And such is, in Pict the case. 


I. Thermo-elastic properties of Animal Tissues. 


Various considerations having léd me to doubt whether animal tissues 
follow the ordinary rule as to the relation which exists between the 


1Werthheim. Ann. de Chim. et Phys. (8), xm., p. 385, 581, 610, 1841; and xxz., p. 
385, 1847. 


?Wundt. Verhl. d. Naturh.-med. 1., 2, 1856; also in Die Lehre 
von der Muskelbewegung. 


“a 
2 > 
% 
= A 
& 
ag 
Gj 
j 
By 
i 
| 
Q 
| 
Sf 
3 


ELASTIC PROPERTIES OF THE ARTERIAL WALL. 127 


temperature of the tissue and its passive expansion or contraction, I 
made a number of experiments with the view of determining— | 

ist. Whether, when a portion of artery, skin, &c., is stretched, its 
temperature rises or falls; and 2nd. Whether, when a portion of animal 
tissue is warmed, it expands or contracts. 


a, Changes of temperature produced by expansion and | 
relaxation. 


As is well known, when a metal is compressed it becomes warmer, 
and when a metallic wire, for example, is stretched it becomes colder: 
and this rule has, excepting in the case of one or two substances, been 
found universal. The most familiar exception is caoutchouc, which 
becomes warmer on being stretched and cools on contracting again. 

In my experiments on the behaviour of animal tissues in this respect 
the following was the method employed :— 

A strip of the tissue to be examined was hung up in such a way that 


- it could be stretched at will by means of weights, while a sensitive ther- 


mopile was gently pressed against its surface. 

The necessary instruments I found ready to hand in Prof. Goltz’s 
institute. The galvanometer employed was that of Magnus, while for 
a thermopile I made use of one which had been constructed for experi- 
ments on radiant heat, and which I found more than sufficiently delicate 
for this particular kind of work. Heidenhain’s thermopile was also 
occasionally employed, the arrangement of its holder being found very 
convenient.. When this latter was not made use of, the pile was held 
pressed against the tissue, either by a couple of pins, or more exact 
apposition was effected by means of a small pad of cotton wool, between 
which and the face of the pile, by means of india-rubber ‘thread, the 


strip cf tissue was gently compressed. The pile was so suspended by 


threads that it readily followed the downward movement of the tissue on 
the latter being stretched. 

Since it was evident that stretching the tissue would diminish the 
extent of its surface which was covered by the pile, and that thereby the 
area from which evaporation could take place would be correspondingly — 
increased, it seemed necessary to exclude-by control experiments any error 
which mol fhus be introduced. By covering the strip of tissue and 
part of the thermopile with oil all evaporation from the former could be 
prevented ; and a number of experiments were made in this way, which, 
however, gave the same results as those in which no special means were 
taken to prevent evaporation. — at 
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It is scarcely necessary to enter further into the details of the method 
employed in making these experiments. 

The result for all the tissues examined, viz., arterial and venous 
wall, skin, nerve, tendon and muscle, was the same. 

Their temperature rises on their being stretched, and 
falls on their being again relaxed. Whether light or ‘leary 
weights are employed, the result is the same. The degree of movement 
of the needle was found to increase in direct proportion (speaking 
roughly) to the weights employed. 

Circumstances did not permit me to measure exactly the rise of 
temperature caused by the application of given weights to a portion of 
tissue having a given sectional area, even had the subject appeared of 
sufficient importance, from a physiological point of view, to warrant the 
undertaking of experiments requiring so much time and trouble. 

Since making these experiments I have found that Westermann had 
already observed that muscle on being stretched becomes warmer, but he 
does not appear to have examined the behaviour of other animal tissues 
in this respect. 


b. Effect of variations of temperature on the length of 
| portions of animal tissues. 


‘According to the thermo-dynamic theory enunciated by Sir W. 
Thomson’, it is concluded “that cold is produced whenever a solid is 
strained by opposing, and heat when it is strained by yielding to, any 
elastic force of its own, the strength of which would diminish if the 
temperature were raised ; but that, on the contrary, heat is produced 
. when a solid is’ strained against, and cdld when it is strained by yielding 
to, any elastic force of its own, the strength of which would increase if 
the temperature were raised.” 

Reasoning from the converse of this theory, we should expect. that, 
since animal tissues become warmer on being stretched, they will also 
differ from other substances in that they will contract on their tempe- 
rature being raised. This point appeared to me of sufficient interest to 
deserve investigation. 

The method employed was the following :—A long, parrow trough, 
fixed firmly within a larger one, contained the piece of tissue. The 
Inner compartment of this double trough measured 20 om. long by 
5 broad, its depth being 7 cm. In this the strip of tissue, firmly clamped 


1 “Thermo-elastic properties of matter.”” Quarterly Journal of Mathertatics, April, 1857. 
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at both ends, was placed, after which olive oil, sufficient in quantity 
to cover it, was poured in. The temperature of the oil could be learned 
by means of a thermometer, while, in the outer compartment of the 
double trough, warm or cold water was poured, according to the degree — 
of heat which it was desired to impart to the oil, and, with it, to the 
strip of tissue. The variations in the length of the latter were recorded 
by a long lever connected with the tissue in the following manner :— 

At one end of the interior of the trough was a strong peg on which 
one clamp was hooked, while at the other end was a small pulley, round 
which passed a strong silk thread attached to the other clamp. The 
thread passed upwards out of the oil, and, after making two or three 
turns round a pin fixed in the side of “the eesording lever near its. axis 
of rotation, was carried over a large pulley placed above the lever. 
To the end of the thread was attached a scale for weights. 

With this arrangement, then, the temperature of the tissue could 
be varied at will, while any corresponding variations in its length were 
magnified by means of the lever. No evaporation from the surface of 
the strip of tissue could take place; its condition as to moisture 
remained, therefore, unchanged during the experiment. 

For these observations I made use of strips, 1 cm. in breadth, taken 
from the human aorta, and also from the aorta of the cow and sheep. I 
did not consider it necessary to examine any other tissue in this respect, 
- believing that, under the circumstances, the results obtained might 
safely be held applicable to all animal tissues. I give the notes of 
two of these experiments which will illustrate — the nature of 
the results arrived at, 


Exp. 4 Sirip of human aorta, taken in the direction of the ih of the 
bs Breadth of strip = 1cm. From subject of 17 years of age. 
— of strip unstretched = 9°25 cm. Stretched by means of weights 
to length of 12°2 c.m. 


Time. ; Temp. of Oil in degrees Length of Strip. 
2.40 p.m. 19°4 12/25 om. 
2.52 ,, 12°14 ,, 
44°] 12°02 ,, 
8.25 ,, 541 11°96 ,, 
350 19°0 12°24 ,, 
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Exp. 6.—Strip of human aorta, 1 em. broad, taken transversely. Length 
when stretched by weight of 50 grammes = 8°32 cm. | : 


Time. Temperature. Length. 
p.m. 16°5 | 8°32 
3.15 ,, 22°0 8°256 
40. 5 
4.20 ,, 40°0 
5.0 5 175 8295 


Animal tissues must, then, be classed along with caoutchouc and 
bismuth, as exceptions to the general rule that heat causes expansion 
and cold contraction. They also, in accordance with the thermo-dynamic 


theory of Thomson, become warmer on being stretched and colder on — 


being again relaxed. I shall have occasion to return to the thermo- 
elastic properties of animal tissues in considering the form of the curve 
of longitudinal elasticity of the arterial wall. Pe 


Il. Viscosity! of Animal Tissues?. 


In experiments on the longitudinal elasticity of animal tissues care must 
constantly be taken that error is not introduced owing to the disturbing 
influence of the elasticity after-action (elaslische Nachwirkung). This 
anes opt which was first investigated by E. Weber*, consists, as is well 

own, in a secondary gradual expansion or contraction, lasting, it may be, 

for héurs or even days after the primary expansion or contraction. When, for 
example, a strip of arterial wall, hung up by one extremity is stretched, b 

of expansion which wi y u the weight employed, but, 

after having stretched rapidly toa dicta beets i continues gradually and 


1 TI see no reason why the term ‘‘ viscosity,”’ should not be applied to the molecular 
friction, or internal resistance, which must be looked upon as the cause of the after- 


action. The after-action is a phenomenon, and not a property, and some word is required | 


which can express conveniently the causal molecular condition. Should further investi- 
gations show that the viscosity of metals, discovered by Thomson, is something 
essentially different in nature from the viscosity which causes the after-action, it will 
then be time enough to give the latter a distinctive name. 


2 I have not made any connected series of experiments on this subject, and by rights 


it should not be referred to at length in a communication of this kind. I have, however, 
thought it advisable to say something on the subject, because, so far as I know, nothing 
is contained in English physiological literature concerning the elasticity after-action. 

5’ Poggendorf’s Annalen, 1841. 
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with increasing slowness to elongate, until a point is reached at which th 

elasticity of the tissue exactly balances the weight used, and the two opposing 
forces are in equilibrium. This after-expansion, which cannot be sh ly 
distinguished from the primary expansion, since the latter passes insensibly 
into the former, does not arise froma change in the elasticity of the piece of 


tissue examined, since that the latter returns more or less exactly to its 


former length on the expanding weights being removed. In this latter case 


the shortening occurs in the same manner as did the expansion, é¢., on 


removing the weights, the strip of tissue contracts, at first quickly and then 
more and more slowly, until a condition of equilibrium is reached. Such, at 
least, is the case theoretically, but in actual practice it is, as a rule, impossible 
to keep the tissue in the same condition as reggrds moisture, absence of 
putrefactive changes, &c., &c., long enough for us to be able to follow the 
variations in as of any particular specimen until a state of absolute 
equilibrium is 
In making observations, therefore, on the longitudinal elasticity of animal 
tissues, we must keep constantly in mind that at no time, in the course of any 
iven experiment, isthe specimen with which we are working in a condition of 
eoretically complete equilibrium with the external forces which are acting 
upon it. It is always either slowly expanding or slowly contracting. 


We cannot explain this after-action, which is so marked a feature of the . 
elastic properties of animal tissues, by ascribing it to imperfect elasticity. The 


_ Specimen in whose case it presents itself need not have received a permanent 
set. Within certain limits the return of the tissue to its previous length on 


removal of the stretching weight seems to be very nearly as complete and 
exact’, where due time is allowed, as it is in the case of the most elastic 
metals. It is only in so far as regards the time-element that animal substances 


are markedly different from metals in this particular. 

The question naturally arises as to whether the internal resistance, which 
is the cause of the elasticity after-action, be not identical with that which 
has been described as viscosity in the case of metals*. The term viscosity has 
been applied to a characteristic of the elastic properties of metals, glass, india- 
rubber, &¢., of which, as with the after-action, the time-element is one of the 
principal factors. Thomson found “ by vibrating a spring alternately in air of 
ordinary pressure and in the exha receiver of an air-pump, that there is 
an internal resistance to its motions immensely greater than the resistance of 
the air. The same conclusion is to be drawn from the observation made by 
Kupfer in his great work on the elasticity of metals, that his vibrating springs 
subsided much more rapidly in their vibrations than rigid pendulums supported 
on knife-edges. . The subsidence of vibrations is probably more rapid in glass 
than in some of the most elastic metals, as copper, iron, silver, alaminium ; 


but itis much more rapid than in glass, marvellously rapid indeed, in some 


_— (as for instance, zinc), and in india-rubber, even in homogeneous 
j 

That there is some relation between the viscosity described by Thomson 
and the condition which causes the after-action is apparent when we remem- 
ber that both in glass and in india-rubber, in which the subsidence of vibrations 


' The time-curve appears to terminate asymptotically. Bee 
* Sir W. Thomson. ‘On the elasticity and viscosity of metals.”’ Proc. Roy. Soc., 
May, 1865; and Encyclop. Brit. 9th Ed. Art. Elasticity. 
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takes place so rapidly, the elasticity after-action is much more strongly 
marked than in the case with steel, copper, silver, and other highly elastic 
metals. With regard to the aortic wall, ve found (pursuing in a ured 
rough method) that vibrations subside even more rapidly than is the case wi 
-~ of india-rubber tested in a similar manner. 

t would appear, however, that enough is not yet known concerning the 
law of molecular friction, whose existence was demonstrated by Thomson’s 
experiments, to allow of any definite conclusion being drawn as to how far 
the same law will explain the phenomenon of elasticity after-action. This 
much appears certain, viz., that this molecular resistance in elastic solids, 
which causes the viscosity of metals, is not simply proportional to the velocity 
of change of shape. Were this the case, we would be forced to assume that 
Thomson’s viscosity and the molecular friction which causes the elasticity 
after-action are essentially different in nature. 

Of all the animal tissues, the wall of the arteries presents the elasticity 
after-action in the most marked d : The extent to which it is present 
varies considerably with different specimens. In any given artery it is found 
usually to be least marked immediately after death. We have, unfortunately, 
pac sat learning with accuracy to what extent it is present in the living 
arterial w 


In experiments on the longitudinal elasticity of the arterial and venous 
wall, it is especially necessary to eliminate as completely as possible the 
influence of the elasticity after-action. This can be done in part by 
allowing a considerable interval of time to elapse between the application of 
a weight and the measurement of the elongation which results. Since the time- 
curve of any given elongation descends with gradually diminishing speed, and 
afterwards runs asymptotically towards the abscissa, the longer the interval 
between the application of the weight and the measurement the more accurate 
will the latter be. Were it possible, we ought to wait in each case until the 
tissue experimented upon has arrived at complete equilibrium. We cannot, 
however, with animal tissues, follow the rigorous methods which can be 
employed by physicists in experimenting on metals. The only course open to 
us is to be as exact as the nature of the tissue we are engaged upon will admit. 

Where we only desire to compare the elasticity curve of one specimen with 
that of another, we obtain ts which are, in all probability, sufficient! 
accurate, if we allow an interval of 5—10 minutes to elapse between se | 
successive weighting and the measurement which follows it. It is scarcely 
necessary to add that the intervals between the weightings and the succeeding 
measurements ought to be of the same length for any series of experiments 
in which we desire to compare the curves obtained one with another. 

One other technical point must be referred to before leaving this of 
my subject. As was pointed out by Wundt, if, while a portion of tissue 
is in a state of slow contraction, a weight be applied to expand it, the 
stretching which results will be less than would have been the case had the 
tissue been in equilibrium, and a fortiori had it been slowly expanding. 

If, in measuring, with the view of constructing an elasticity curve, the 
expansion of a given = of tissue, produced by gradually increased weight- 
ings, we remove one weight before another is applied, successive weight 
is added to the tissue while it is in a condition of gradual contraction, A 


’ Die Lehre von der Muskelbewegung, 
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cause of error is thereby introduced which will increase with the increasing 
weights, This can be avoided if the successive weights are added to those 
which have already been a3. so that the specimen — the whole of the 
observation continues expanding, 


Elasticity of the Arterial Wall. 


a, The relation between the internal pressure and the cubic capacity of 
: the arteries, : 

The method which I first employed for investigating this point was 
the following :-— 

A portion of artery, so arranged that it could be distended by any 
desired internal pressure, was inclosed in a small vessel, containing olive 
oil, and the variations of whose contents were recorded by means of a 
lever, writing on the blackened surface of a cylinder. 

The illustration, Fig. 1, Pl. V., shows the construction of the oil 
vessel, Its upper opening is sland: by a perforated stopper, d, through 
which passes the cannula, c. Cannule of different diameter were em- 
ployed for large and small arteries. On the end of the cannula the portion 


of artery a, to be examined, is tied, the other end of the short arterial 


tube being closed by introducing into it a small wooden plug, 6, which 
is grooved to allow of its being tied in with a ligature. 

The cannula, c, is connected by means of a T tube, on the one hand 
with a mercury manometer, and on the other with an arrangement by 
which the pressure of the air within the piece of artery can be raised. 
This latter consists of a strong caoutchouc bag, compressed by means 
of a screw between two metal plates. An illustration of it was given in 
connection with a former paper’ in the last volume of the Journal. 

To return to the oil vessel which contains the piece of artery. At 
the bottom of this vessel are two openings, one of which is the entrance 
to a tube, provided with a tap, to allow of the exit or entrance of oil. 


_ The larger opening is for the recording arrangement. This latter, as in an 


instrument which I have already described elsewhere, as used for studying 
the movements of the frog’s heart?, consists of a light piston, A, epagh 
the centre of which passes a fine steel needle, f. The two oudte; it, 


1 Roy and Graken Brown. ‘Blood pressure in the capillaries, &c.”’ ‘This Journal, 
Vol. 1., p. 328. 


* Roy. This Journal, Vol. 1., p. 452, 
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serve to prevent lateral movement of the piston. As seen in the drawing, 
the vertical movements are magnified by means of the recording lever. 
The oil is prevented from escaping by the side of the piston by means 
of the fine flexible membrane, &. The arrangement of this part of the 
instrument has been so fully considered in my paper on the frog’s heart 
that I need not refer to it at length here. 

With this instrument, then, the addition or the removal of a given 
portion of the contents of the oil vessel causes a proportionate fall or rise 
of the lever-point. The relation between the movements of the piston 
and of the leyer-point is more exact than may appear at first sight. As 
was pointed out by Schmulewitsch!, when slight movements are 
magnified by means of a lever the error introduced is excessively slight, 
so slight that it may safely be ignored in observations like the present. 

The pressure of the oil within the vessel is never the same as that of 
the atmosphere, and this has always been allowed for in my experiments. 
When in the following pages the intra-arterial pressure is referred to, it 
must be understood that the zero of the scale is at a point where the 
internal pressure is the same as that outside the artery. 

As the object kept in view was the examination of the elastic pro- 
perties of the arteries from a physiological and pathological standpoint, the 
pressures, used to distend the portions of artery taken, were never pushed 
far beyond the maximum pressures which may occur in them in the 
living body. For rabbits’ vessels 200 mm. of mercury was the upper 
limit, while with larger animals, such as the dog and cow, the pressures 
were often raised to 800 mm. Hg. 

The first point investigated was the degree to which a portion of aorta 
or artery expands with each successive increase in the internal pressure, 
the latter being raised step by step to a height somewhere above the 
maximum blood pressure of the animal from which the ‘Specimen was 
taken. 

In Figs. 4 and 5 of Pl. VI. can be seen the results of two such 
experiments. They were obtained in the following manner :—A hori- 
zontal line having been drawn on the blackened surface of the drum, the 
point of the recording lever is brought up exactly level with it, a matter 
which is managed by increasing or diminishing the quantity of oil in the 
vessel. The pressure within the piece of artery, which has at first been 
kept below zero (so that the arterial tube is collapsed), is now raised a 
little above zero—for example, to 1 or 15 mm. Hg. The opening out of 


1Schmulewitsch. Vierteljahrsch. d. Naturf. Ges. in Zurich, 1866. 


Ly, 
¥ 
7 
g 
2 
> 


ELASTIC PROPERTIES OF THE ARTERIAL WALL. 185 


the collapsed artery causes an increase in the contents of the oil vessel, 
and the lever-point falls to a corresponding extent. 

- The drum is now rotated, so that the lever-point marks a short hori- 
zontal line on its surface. A quantity of oil, sufficient to bring the lever- 
point back to its original level, is then allowed to escape by opening the 
tap. The intra-arterial pressure is next raised to 10 mm. of mercury. 
(It may be remarked parenthetically that, to insure accuracy, a catheto- 
meter was used to read off the height of the mercury column.) After the 
intra-arterial pressure has been raised, a period of ten minutes is allowed 
to elapse, the drum being then rotated for a short distance, and the lever- 
point again brought back to its initial point by opening the tap. The 
intra-arterial pressure is then at once raised to 20 mm. Hg., and the 
same process repeated ; and so on until a height of 150 or 200 mm. of 
pressure is reached. 

Figs. 4 and 5 from: the aorta thoracica descendens and the aorta 
abdominalis of two different rabbits were obtained in the above-described 
manner. Both are from perfectly fresh specimens. I shall have occasion 
farther on to refer to the relation which exists between the cubic capacity 
of the undistended artery (7.¢., with an internal pressure just above zero) 
and its capacity with higher _siibeseiee and will not therefore refer 
further to the subject here. 

The point of principal interest in connection with tracings such as 
those copied in Figs. 4 and 5 consists in the fact that the increments of 
capacity vary in a manner which could scarcely have been anticipated in in 
proportion to the increments of intra-arterial pressure. 

The former increase in proportion to the latter until a certain pres- 
sure is reached, after which they diminish. The pressure at which an 
increase by 10 mm. of internal pressure produced the greatest increase 
in capacity is in Fig: 4, 60 to 70 mm., while in Fig. 5 the maximum 
increase in contents is from 70 to 80 mm. Hg. 

In these two instances, therefore, the portions of aortic tube taken 
were most distensible, or most elastic, with pressures of about 70 mm. of 
mercury; or, to put the matter conversely, at these pressures a unit increase 
in their contents would have produced the smallest change in the intra- 
arterial pressure. Functionally, the aortic elasticity would, in these two 
cases, have come most fully into play with pressures of about 70 mm. of 
mercury. It must be remembered that these are the kind of curves 
_ which are always obtained from the aorta of healthy rabbits. The maxi- 
mum of is y found somewhere between and 95 
mm. Hg. 
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And this is a point of considerable interest when we remember that 
these values correspond to those of the medium blood pressure in the 
case of rabbits. In them, therefore, the aortic walls are most 
elastic at pressures corresponding, more or less exactly, to 


their normal blood pressure. 
As will be noticed farther on, the same relation exists in the case of 


* the other animals whose arteries were examined. 


In Fig. 6, I give a tracing taken in the above-described manner from 
a portion of the vena cava inferior of a cat. 

The tracing from the vein shows, as can readily be seen, a very diffe- 
rent relation between the internal pressure and the cubic capacity. With 
veins the maximum of distensibility occurs with pressures 
immediately above zero. To this point I shall, however, have 
occasion to return. 

After I had taken a considerable number of tracings from different 
arteries in the above-described manner I was led, from various considera- 
tions, to change my method somewhat, That first used is not very 
convenient for extended observations, and did not appear to me of 
sufficient accuracy unless much care and attention are expended while 
taking the tracings. 

It was evidently desirable to make use of a method which should be 
absolutely automatic—in which a clockwork should regulate the variations 
in pressure and the recording of the changes in capacity of the artery. 

The method which I eventually found best fitted to fulfil these con- 
ditions is illustrated by the diagram Fig. 2, Pl. V. 

The drum, a, of the clockwork is Shapkenad only on its upper three- 
fourths, the tower fourth being left uncovered with paper; and round this 
part of it passes the strong endless silk thread, 6. 

This thread communicates the motion of the revolving drum to one of 
the pulleys, c. These two pulleys are of the same diameter, and are fixed 
on the same horizontal axle, so that they move together. Round the 
second of these two another silk thread makes one turn. At the one end 
of this thread is a scale for weights, g, used to counterbalance a mercury 
reservoir, h, which is suspended from its other end, the thread being 
passed over a larger pulley, f. 

Connecting the wide open mercury reservoir, A, with the small pres- 
sure vessel, 7, is a flexible tube. Another tube, 4, of narrow calibre 
brings the interior of this vessel, i, in communication with the cannula 
upon which the bit of artery is tied. The reservoir, i, and the tube 
hich joins it with the yessel, i, are filled with mercury, which also half 
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fills the vessel, 7. The upper half of this vessel, the tube, 4, and the por- 
tion of artery contain air. The piece of artery is inclosed in oil in the 
same kind of vessel as that described above. 

With this arrangement the difference in level of the mercury in tho 
reservoir, h, and the pressure vessel, 7, corresponds with the pressure 
within the piece of artery. By the arrangement of the silk cords the 
- reservoir is raised or lowered in proportion to the movement of the drum 
of the clockwork. 

Since the two pulloys,-« c, are of equal aii the rate of movement, 
up or down, of the mercury reservoir, is exactly the samo as the rate at 
which the blackened surface of the drum moves past a fixed point. ) 

For example, one inch of an abscissa, drawn horizontally on the 
drum’s surface, corresponds to a rise or descent of the mercury reservoir 
of exactly one inch. 

In taking tracings with this arrangement the mercury reservoir is 
either slowly raised or slowly lowered, and, in the curves obtained, the 
pressures in the portion of artery are the absciss; and, since the vertical 
movements of the point of the recording lever are proportionate to 
the variations in the capacity of the portion of artery, the ordinates of 
the curve obtained are the cubic capacities of specimen of artery 
examined, : 

By the use of very wide vessels for the morcury reservoir and the 
pressure vessel, i, we avoid, more or less completely, the error which 
would otherwise be introduced. owing to compression of the air 
contained in the upper part of the vessel, i, and in the narrow tube 
going from it to the cannula, as well as from the variations in capacity 
of the portion of artery examined. By the use of wide shallow vessels, 
and by taking care that as little air as possible is contained in the upper 
part of the compression vessel, the error due to the want of exact 
correspondence between the movements of the reservoir and the 
difference in height of the two mercury surfaces may be so greatly 
reduced that its influence may, in practice, be safely ignored. At first, 
indeed, I made corrections of my curves with the view of eliminating 
this error, but I soon found it to be excessively slight, and not of a 
kind which could possibly modify to any noteworthy extent the character 
of the tracings obtained. 

In working with this method the rate of movement of the drum was 
usually very slow, so that 20 minutes, or half an hour in some cases, was 
passed in raising or lowering the intra-arterial pressure gradually from 
zero to 200 mm. of mercury, or vice versd. This was done with the 
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view of reducing to a minimum any disturbing influence due to the 
after-action. Comparative. éxperiments showed, however, that the 
curves taken very slowly are the same in form as those taken rapidly, e.g., 
in two or three minutes. 

_ Figures 8, 9 and 11, Pl.. VL, are examples of curves taken from 
the arteries healthy in. this manner. 

_ Fig. 8 is from a portion of the aorta thoracica of the rabbit, while 
Fig. 9 is from the carotid of the same animal, both curves having been 
taken immediately after the animal had been killed. Fig. 11 is from 
a portion of the aorta thoracica descendens of a cat, 

These three tracings may, be taken as showing the usual form of 
curves. obtained from the arteries of perfectly healthy animals. They 
exhibit a marked general resemblance. _- 

On the intra-arterial pressure rising above the oxtenartecial the 
lever-point falls, and the extent.of this fall gives us the cubic capacity 
of the portion of artery in its undistended condition, As the pressure 
within the artery is gradually increased the lever-point descends, at 


first slowly and then more rapidly, with still higher pressures, however, 


diminishing more and more. in rapidity of fall. In the case of Figs. 8 
and 9, from the aorta and. carotid, of the rabbit, the point at which the 
fall of the lever-point is greatest for a given rise of the intra-arterial 
pressure is somewhere about. 70 mm. from the point where the collapsed 
artery opened out. These two vessels were, therefore, most distensible 
with a pressure of about, 70 mm. of mercury. In the case of the cat’s 


aorta. (Fig. 11) the greatest variation in contents with unit rise of | 


pressure is reached with a. somewhat higher pressure than with the 
rabbit’s aorta. 

_. These curves, then, show tes same peculiarity as the i Wi taken 
by the less accurate method first employed. | 

Before proceeding to compare the elasticity curves of different 
arteries, I must say a word, first, as to the effect. of post-mortem changes 
on the elasticity of the blood vessels, and secondly, as to the effect pro- 
duced on the curve, according as the intra-arterial pressure is slowly 
increased from below zero to a given height, or moe diminished 
from, let us say, 200 mm. Hg. to below 0°. 

Until putrefaction is far advanced the elasticity curve of any given — 
artery remains the same. Even when putrefaction is in active progress 
the form of the curve is the same as that from a perfectly fresh specimen. 

The chief difference appears to lie in the fact that the after-action 
becomes more and more pronounced after the setting in of putrefactive 
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changes. From the time of death to that when putrefaction has 
commenced the elasticity of the arteries remains the same. In experi- 
menting on the- elasticity of human arteries, therefore, no error is 
introduced owing to the interval which has necessarily —* between. 
death and the post-mortem examination. 

When the curves are not taken too fast, they are the eame.en:to 
form for any given specimen of artery, whether they have been taken 
by increasing the pressures used or gradually diminishing them.  —s_ 


b. Relation of capacity to internal pressure in different arteries of 
the same animal. 


Considered from a fanctional point of view, it may be said that the — 
elastic properties of the aorta and large arteries of any given animal 
are identical. Curves taken from different parts of the same aorta present 
an exceedingly striking resemblance. The relation of the capacity when 
undistended to that when the vessel is distended by any given 
pressure is the same for all parts of the aorta, The point, therefore, 
where unit rise of pressure causes the maximum increase in capacity 
is the same at every part of the vessel. 

The same similarity is found when we compare the curves from the 
femoral and carotid arteries with those from the aorta of the same 
animal. 

This is pretty well seen in the two Figs. 8 and 9 from the carotid 
and the aorta respectively, of the same rabbit. As the curves show, the 
point of maximum distensibility is reached with the same pressure in 
both. In the case of dogs and cats, and also in the human arteries, the 
elasticity curves, taken in the above-described manner, from different 
vessels of any particular animal or man, resemble one another in their 
characters so closely that the possibility of the resemblance being 
accidental cannot for a moment be entertained. The elastic properties 
of arteries from different animals of the same species may vary con- 
siderably, as I shall have occasion to point out, and still greater 
differences are the result of malnutrition, such as that produced by 
febrile processes ; but only in cases where unequally distributed struc- 
tural change is present do the elastic properties (considered from a 
functional point of view) of the different parts of the arterial tree differ 
from one another. 

One difference does, however, exist, but it is of the nature of those 
exceptions which go to prove the rule. In the aorta and its principal 
branches the ratio of capacity to pressure is the same, but the aorta is 
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relatively wider in the undistended condition than the vessels which leave 
it. This is shown by the fact that the relation of the capacity in the 
undistended condition, to that when distended by a given internal pres- 
sure, ¢.g., 200 mm. Hg., is not the same in all the arteries of an animal. — 
If the reader will compare the curves, Figs. 8 and 9, he will see this. On 


comparing the extent of the abrupt fall of the lever-point (corresponding 


with the change of internal pressure from negative to positive) with 
the fall which it is seen to present with 200 mm. Hg. pressure, he will — 
find on measurement that taking the capacity in the undistended con- 
dition (equal to the extent of the primary fall of the lever) as 100 in 
each case, in Fig. 9. the capacity at 200 mm. Hg. is equal to 400, 
while in Fig. 8 the capacity at the same pressure is equal to 640 or 
thereabouts. Roughly speaking, the capacity of the aorta has become 
quadrupled by raising the intra-arterial pressure to 200 mm., while 
that of the carotid of the same animal is more than six times as great 
at that pressure as it was in the undistended condition. _ 

In all animals examined this difference in arteries of different calibre 
was found to exist. It shows us that the mechanism by which identical 
functional elastic properties are conferred on the different parts of the 
arterial tree is not the same for arteries of different diameter. | 

That I may not require to return to the subject, I will refer here to 
the differences on this point which exist in different animals. 

For the aorta of the rabbit, the relation between the capacity when 
undistended and the capacity with an internal pressure of 200 mm. Hg. 
is very nearly the same in different individuals. As in the specimen 
from which Fig. 9 was obtained, the ratio is, in healthy animals, about 


- 1to4. On measuring out some thirty curves which I have taken from 
rabbits’ aortas, I find that the departures from this relation are slight, 


and only occur in oné or two instances ; and, in these, the animals from 
which the specimens were taken may not have been perfectly healthy. 

In one case, instead of being as 1 is to 4, the ratio of capacity when 
unstretched to that at 200 mm. pressure is as 1 is to 3°6; in another it 
is as 1 is to 4:3. These two are the ones which depart most from the 
usual relation of the two capacities. 

With the carotids and femorals of the rabbit the relation of the two 
capacities varies more in different individuals than is the case with the 
aorta. A relation of 1 to 6 is that most commonly met with, In one 
case I find a ratio of 1 to 5°3, and in another of 1 to 7°6. All my other 
curves from these vessels of the rabbit show relations somewhere between 
these. 
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For the aorta of the cat, of which I possess fewer curves than from 
the same vessel of the rabbit, the capacities at 0° and 200 mm. respectively, 
stand, in nearly all, in the relation of 1 to 5:5. In one case the relation 
was that of 1 to 6. 

For the carotids and femorals of the cat, the relation was that of 1 
to 6 or 1 to 7. 7 

In the case of the dog’s aorta the relation was usually 1 to about 5, 
while, with the carotids of the same animal, the ratio of the two capacities 
was 1 to 6°5 or 1 to 7. 

The veins distinguish themselves from the arteries by the relatively 


_ small increase in capacity produced by raising the internal pressure from 


immediately above zero to a height when their curve of contents begins 
to run asymptotically. The ratio, in the veins examined, of the capacity 
at zero to that, ¢g., at 400 or 500 mm. of water, was usually about 
1to2. 

The enormous changes i in the capacity of the veins during life are, 
therefore, evidently due less to differences in the pressure than to the 
great differences in the quantity of blood which they contain. 

On the other hand, the pulmonary artery distinguishes itself by its 
excessive elastic distensibility. In the cae of more than one specimen 
of rabbit’s pulmonary artery the capacity became, on raising the internal 
pressure up to 500 mm. of water, more than twelve times as great as 


that when undistended. 


. Elasticity curves of arteries from different species of animals. 
All the capacity curves of arteries from healthy animals which I 


_ possess resemble in form those seen in Figs. 8, 9, and 10, whatever the 


species. In all cases the curve is at its first part convex on the side next 
the axis (above in the curves), afterwards becoming concave. In the 
case of rabbits, what I have already said, together with the curves, Figs. 
8 and 9, sufficiently indicate what are the characteristics of the normal — 
curve. In them the pressure at which the artery, considered in relation 
to its capacity, is most distensible is usually about 70 mm. Hg. | 

In the case of cats this point is- réached with a somewhat higher 
pressure ; varying a good tats in different animals, it is — at about 
110 or 120, : 

With dogs this point is usually a little higher than with cats. The 
height of the pressure at which it occurs varies more with different 
individuals than is the case with rabbits’ arteries. 
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This form of curve is, as already stated, different from that of veins. 
In them, whether large or small vessels are taken, the curves obtained 
resemble a hyperbola—the distensibility is greatest immediately above 


zero internal pressure. In taking curves from veins I did not employ 


mercurial, but water pressure. in the reservoir and pressure vessel 
of the arrangement above-described, as being more nearly related to the 
pressures which the blood may present in them in the living animal. 

_ The form of curve given. by the pulmonary. artery resembles that of 
the systemic arteries. For it, also, water replaced the mercury pressure 
used for the aorta and its Leaeies: The pressure, at which the curve 
ceases to be convex to become concave towards the axis is, in the curves 
which I possess from the ise maid artery of | rabbits, from 200 to 250 
mm, of. water. 


In the case of the pulmonary ashes of the cat, the maximum change 


of capacity with unit change of pressure was found in one case ‘to be 


at and in at 380 mm. 


of dasticty of thea arteries. 


As yet the elastic properties of normal vessels have rae been con- 
sidered. It was evident, however, at an early stage of my investigations, 


_ that disease exercises a very important influence on the elasticity of the 


arteries, and that in cases where no macro- or microscopic change of 
structure could be found. 

This was first made evident to.me by the case of a dog which was 
brought to the Strassburg laboratory in a state of extreme emaciation, 
either from starvation or some chronic illness. As it did not gain flesh, 
although plenty of nourishment was provided, it was condemned to be 
killed, as useless for physiological purposes ; and it is from one of the 
carotids of this anima] that the tracing Fig. 10 was obtained, the arrange- 
ment employed being in every respect = same as that used when 
tracings 8, 9, and 11 were taken. 

The first point that strikes the eye in this curve is the fact that the 
maximum of expansion with a given increase of the internal pressure is 


no longer at about 120 to 160 mm. Hg., as is the case with healthy 


animals, but is immediately above zero pressure. The artery was the 
more distensible the lower the intra-vascular pressure. 
This tracing presents another peculiarity which of itself would suffice to 
distinguish it from those obtained from the arteries of healthy animals. 


The capacity just above zero pressure is much greater compared with 
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that at a given high pressure, ¢.g., 200, than is normally the case. The 
ratio of the two capacities, instead of feck as is normally the case, as 1 
is to 6°5 or 1 to 7, is here as 1 is to 2°6—a difference which is sufficiently 
striking.' And it was not in the case of its carotids alone that the 
elasticity curves of this animal’s arteries differed from those of healthy 
animals. A change of the same kind, and to a corresponding extent, 
shows itself in cyrves taken from the femorals and from the aorta. In 
the femorals the ratio of capacity at zero to that at 200 mm. Hg. 
was found to be much the same as in the carotids, being as 1 is to 2°8. 
In the aorta the ratio is 1 to 2. The form of the curve was found 8 


_be exactly the same in the different vessels examined. 


The illness, or long-continued ill-treatment, of this poor beast had thus 
resulted in a strikingly marked change in the elasticity of its arteries— 
a change so great that the curves obtained from them may almost be said 
to have nothing in common with those which represent the elasticity of 
the normal, healthy arterial tube. Yet in this case no structural change 
of the ‘wells of the vessel could be detected either by the naked eye or 
by careful microscopical investigation of hardened specimens. 

The question naturally arises—in what way had the elastic attributes 
of the vessels become so modified ? Had the arteries become wider in 
their undistended condition ?' or had they remained of normal diameter, 
but become more rigid, this increased rigidity being accompanied by 
some change in the statical relations of the ultimate molecules of the 
élastic elements, such as — — the change in the form of the 
curve ? 

At the time when the case came nader my sales I had no means of 
deciding which of these two explanations was the correct one. 

I had soon, however, opportunity of comparing the elastic properties 
of this animal’s arteries with those of other dogs in which the same 
peculiarities were present, though to a less marked degree. During the 
time that I acted as assistant at the Strassburg Physiological Institute 
several cases occurred of dogs which, after oft-repeated operations on 
the brain, were at last seized with a form of cerebral meningitis, ending 
fatally after having caused more or less marked fever marasmus. Curves 
which were obtained from the arteries of these animals present all shades 
of variety. between the typical curve of healthy arteries and the one 
represented in Fig. 10. These curves show that, with increasing maras- 
mus, the point of maximum distensibility with unit variation of internal 
pressure is reached with lower and: lower pressures. The arteries are 


er most elastic with lower pressures than in the case of healthy 
10—2 
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vessels, and the more advanced the marasmus the lower is the pressure 
which Goetedponile to the maximum distensibility of the animal’s arteries. 
Hand-in-hand with this change proceeds that of the ratio of capacity 
when undistended to that when distended by tolerably high pressures, 
such as 200 mm. Hg. 

_ This pathological change in the elasticity of the arteries is, therefore, 
due to these vessels remaining abnormally wide (at, zero pressure). 
Their walls have'received a permanent set, and only a part of the curve 


given by normal arteries remains. 


The curve of Fig. 10 corresponds to that part of the curves given in 
Figs. 8, 9 and 11, which is obtained with pressures higher than the 
medium blood pressures of the animals from which they were taken— 
to that part of these curves which is concave towards the axis. This 
change in the elasticity of these arteries is, to all appearance, principally, 
if not entirely, due to the elasticity having become less perfect during 
life. It is very curious, from a teleological point of view, to find that 
this pathological change renders the vessels relatively most elastic with 
subnormal blood pressures, such as exist in the living animal in condi- 
tions of fever and marasmus like those affecting the animals in question. 


On extending my observations to the elasticity of the blood vessels of _ 


man I soon found that this pathological change in the elastic properties 
of the arteries is of extremely common occurrence. 
In all cases examined, in which the person’s death was preceded 


~ by lingering illness, accompanied by marasmus, it was found to be 
present ; while, on the other hand, curves from well nourished children 


—those, for example, dying of some rapidly fatal disease—were found to 
be identical in form with those which I have above described as the 
normal curve of healthy arteries. 

I possess several curves, taken from young persons who had suc- 
cumbed to some lingering illness, causing emaciation and marasmus, 
which resemble so closely, in every particular, that given in Fig, 10 that 
one would, at first sight, imagine they must have been obtained from the 
same case. 

I have, as yet, said little or nothing concerning the normal elasticity 
of the arteries of man, the reason being that it is impossible to deal with 
this subject satisfactorily without at the same time taking into con- 
sideration the effect both of age and of disease. The observations which 
I made. on human arteries with the method above-described seon con- 
vinced me that much of interest might. be learned from a series of 
investigations on the modifications in the elasticity of the arteries which 
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are produced by various diseases, and also, that only from a prolonged 
series of inquiries would it be possible to obtain trustworthy data either 
as to the effect of disease’ or of age on the arterial walls. In the case — 
of man we cannot, of course, modify the conditions as to health, age, &c., 
to anything like the extent which is possible with animals. In investi- 
gating the influence of age we cannot exclude the influence of disease 
(except in cases of death from accident, and such cases are not always 
available). Nor, on the other hand, can the influence produced by 
various diseases on the elasticity of the arteries be studied satisfactorily 
until the effect of age has first been learned. 


III. Longitudinal Elasticity of the Arterial Wall. 
Normal elasticity curve. 


On deciding to undertake a séries of investigations on the elasticity 
of human arteries, sufficiently extended to allow of definite conclusions 
being drawn as to the effect of age and some of the commoner types of 
disease, I found it necessary to change my method of inquiry. | 

In Professor v. Recklinghausen’ s Institute, where I made the 
most of these observations, it is the usual custom to slit open the aorta 
_and its larger branches during the post-mortem examination. — 

Had I kept to the above-described method, therefore, which requires 
that the arteries examined should not be cut open, my supply of 
material would have been very limited, and I would have been unable 
to examine the elasticity of those specimens which I most wished to 
investigate, viz., those in which structural disease, such as aneurism or 
atheroma, was present. Moreover, the mechanism by which a curve of 
contents with varying pressures, so peculiar, and so well suited to the 
functional requirements of the circulatory system as that above-described, 
was produced did not, seem by any means clear. I was in hopes that a 
study of the longitudinal elasticity of strips of aortic and arterial wall, 
taken both longitudinally and transversely to the axis of the vessel, would 
throw some light on this subject. 

At first I employed the time-honoured method usually employed for 
such investigations, viz., hanging up strips of arterial or aortic wall of a 
given breadth, and sbsetaliing them by means of weights, the strains 
produced being read off by means of a cathetometer. This method I 
soon found excessively wearisome and by no means so accurate as it 
appears at first sight, unless a considerable number of precautions are 
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taken. What especially unfitted it for-my purpose was the fact that 
the expenditure of a good deal of time is unavoidable with it, and this 


involves a corresponding diminution of the number of specimens which 


can be examined. 
I therefore sought to find some automatic method, and finally got 
the instrument seen in Fig. 3, Pl. V., constructed. 

It leaves little to be desivel altos i in the way of convenience or 
accuracy’. 

It is so constructed that (by means of a clockwork if desired) the 
weights applied may be gradually increased, while the elongations 
thereby produced are recorded by a lever writing, on paper, which is 
moved horizontally past the lever-point with a rapidity which exactly 
corresponds to the rate at which the weights applied to the portion of 
tissue are augmented. In the curves obtained, therefore, the abscissx 
are the weights employed, and the ordinates the — of the strip 
of tissue. 

The strong metal pillar, &, with the movable arm, serves to support 
firmly the upper end of the strip of tissue, which is held by the screw 
clamp, g, and which is suspended directly above the long horizontal 


- lever, e, a. The clamp, g, at the lower end of the strip is connected by a 


hook with the lever, in which holes have been bored at } regular intervals 
to receive it. 

On the lever is a sliding runner, d,,which supports a scale for weights, 
and which can be slid, with exceedingly little friction, from the fulcrum 


_ towards the point of the lever. 


The runner, d, and the hook, g, are of such a form that the former 
can be moved past the latter without coming in contact with it. When 
the runner, and the scale which is attached to it, are moved away from 
the fulcrum of the lever the weight which acts on the strip of tissue is, 
of course, correspondingly increased. 

The outer half of the lever (which is not reached by the runner) is 
thinner and lighter than the inner half, and has, at its extremity, a fine 
glass pen for writing on the pees of paper whiok is create on the 


' Its principle is the same as that of Blix?, although I believe it presents certain 
advantages over that employed by him. .When I got the instrument made I was aware 
of ithe principle of the method used by Blix, and which was suggested to him by 
Hélmgren, but I could not learn anything concerning the details of his apparatus, so 
that the one illustrated by Fig. 3 bears little external resemblance to the one used by the 
Swedish investigator. 

Blix, “Bidrag till laran om muskelelasticiteten.”” Upsala Lédkareforenings 
Forhandlingar, 1x., p. 655, 1874. 
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surface of the brass plate, a. This plate can be moved horizontally 
along the two wire guides, 6b. At its right-hand end is a peg from 
which a silk:thread’ passes to the runner, d. Thus, when the plate is 
drawn along the guides towards the right-hand side of the instrument, 
the weights are drawn at the same rate away from the fulcrum of the — 
lever. Finally, the counter weight, 7, enables us to counterbalance the 
weight of the lever and any weights in the scale before a curve is taken, 
so that, at the commencement of the curve, the tissue is only stretched 
by the weight of the light clamp at itslowerend. 

I soon discovered that by drawing the plate a very slowly to the 
right with the hand, the curves obtained are, practically, quite as accurate 
as when a clockwork is used, so that in the most of my measurements I 
dispensed with the latter. 

The breadth of the strip was 1 its length 
varying with its longitudinal elasticity. 

As a rule two curves were taken on the same shoot of paper, one 
from a strip taken in the direction of the length of the aorta or artery, 
and another, of exactly the same length and breadth, taken in the trans- 
verse direction. The curves of longitudinal elasticity in the transverse 
and longitudinal direction of the wall of the vessel could thus be com- 
pared at a glance. 

Any drying of the specimens during the estiinavecisint of their “a 
ticity was prevented, it- should be added, by frequent pencilling with °75 
per cent. salt solution. . In cases of arterial disease the specimens were 
examined microscopically in order to arrive at some knowledge of the 


change of structure which caused any given deviation from the normal 4 


elasticity curve. 

‘In the present communication, however, I will only refer to the elas- 
ticity of healthy arteries, and to the modifications which result from the 
effect of age. Pathological changes I will deal with in a separate paper. 

The curves which are reproduced on Pl. VII. are examples of tracings 
taken, with the instrument just. described, from the aorta of human 
subjects of various ages. 

In all of these curves the figures marked on the right-hand side—the 
ordinates—are the lengths of the strips taken, the upper number in each 
case being the length of the strip when unstretched. 

The figures marked beneath the curves—the abscissee—are the 
employed, which in each case, as can be seen, were raised from 0 up to 
200 grammes. 

The values of the abscisse are, therefore, the same in all of these 
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curves. The vertical lines, placed 1 centimeter apart, are curved, and 


their curvature is that of a circle whose radius has the same length as 


the lever employed. They give, therefore, the correction necessitated by 
the fact that the lever-point does not describe a straight vertical line. 

_ The. horizontal lines are. 5 mm. apart, and, since the variations in 
length of the strips examined were magnified five times by means of the 
lever, the intervals between these lines are erent to 1 mm. of the 
length of the strip. 

In all of the curves on Pl. VIL. the slonantionn of the strips were 
magnified five times by the lever. The initial length of the strips taken 
was not the same for the different figures, but varied according as the 
aorta examined was found to be more or less elastic. 

_ Fig. 12 is from the aorta thoracica descendens of a female child, zt. 24 
years. Death caused by diphtheritis, complicated by broncho-pneumonia. 
No emaciation.. Circumference of aorta beyond arch = 23 mm. 

Fig. 13 is from a female, wt. 22. Death due to septic poisoning 


after child-bed. Curves.are from aorta thoracica descendens, the circum- 


ference of the vessel at that part being 45 mm. | 

Fig. 14 is from a male, xt. 26, who succumbed. to a rapidly. fatal 
pneumonia. Circumference. of aorta at part taken, viz., — of 
thoracic portion, was 50 mm. : 

In none of these three cases was there any appearance of Manes 
affecting the aorta. They resemble, moreover, very closely the curves 
which are obtained with the same instrument from the aorta of the dog, 
cat, or sheep. They are, then, the curves given by healthy aortas. 

In all of them it can be seen that the longitudinal strip expands with 


light weights more readily than the transverse strip, but that with heavier 


weights this relation is reversed, and the curves cut one another. For 
example, in Fig. 12, with weights below 90 grammes, the longitudinal 


_ strip was longer than the transverse, while with weights above 90 grammes 


the reverse was the case. 

The curves of longitudinal elasticity of strips of aorta taken trans- 
versely and longitudinally do not always cut one another. Exceptions 
occur even with perfectly healthy vessels. Of this an example can be 
seen in Fig. 17, which is from the aorta of a female child, aged 9 years. 
Broncho~pneumonia was the cause of death, the aorta being to all appear- 
ance perfectly healthy. In this tracing the upper of the four curves is 
from a. transverse strip, and the third (counting from above) from a 
longitudinal. In this case, it can be seen, that with light weights, the 
longitudinal is more expansible than the transverse, and that this relation 
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becomes reversed with higher weights. | Curiously enough, in this par- 


ticular instance, the longitudinal strip was again more expansible than eee 
the transverse when weights varying from 140 to 200 grammes were — 


employed. The curves in this case do not cross, but in their general 
relation to one another there is an undeniable similarity to the curves 
given in Figs. 12, 13, and 14. 

Before coming to speak of the influence of age in modifying 4 the 
elasticity curves of the arteries it may be as well to say a word as to the 


relation between curves taken with this instrument and the curves of | 


capacity which were above described. 

I do not intend in the present Soiieitedtas to refer to the mathe- 
matical formula by which the pressure and volume curves can be converted 
into the curves of longitudinal elasticity of the arterial wall or tice versd. 
To insure accuracy in a subject of this kind, where it is a question of 
exceedingly small amounts, it would be necessary in verifying the for- 
mula by direct experiment to control the pressure and volume curves in 
one particular. In my observations on the relation between the internal 
pressures and the capacity no account was taken of any slight want of 
parallelism in the walls of the portions of artery taken, and although this 
will not interfere with the general conclusions which I have drawn from 
the form of the curves in different instances, it suffices to prevent our 
applying to them, without correction, mathematical sores which are 
only strictly applicable to the true cylinder. 


My attention has been called to this point by my friend Prof. Dewar, — 


and in a future communication I propose to return to the subject, after 
having made experiments suited to control more completely the vent of 
the pressure and volume curves. 


But although strict mathematical treatment is scarcely pnts, | 


it is not difficult to see in what points the pressure and volume curves 
are related to the curves of longitudinal -elasticity which are represented 
on Pl. VII. 
We know that in thi case of a cylinder whose clastic walls follow 
1 The relation in the lengths of transverse and longitudinal strips of aortic wall 


stretched by like weights cannot, as need perhaps scarcely be said, be held to correspond 
to the relation in length of transverse and longitudinal elements of the wall when a portion 


of the aorta is distended by gradually increasing internal pressures. In the case of a | 


cylinder whose walls are composed of an isotropic, incompressible elastic solid whose 
elasticity follows Hooke’s law, the length of the cylinder will not increase at all on its 


being distended by raising the pressure in its interior. This deduction from mathematical 


considerations is not completely applicable to the arterial wall which is not composed of 
an isotropic substance. We may possibly deduce from it, however, that the marked 
lengthening of the arteries with each pulse-wave in certain cases of disease may be due to 
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Hooke’s law the increments in volume produced by gradual rise in 
internal pressure increase disproportionately to the pressures used. With 
such a cylinder, taking the volumes as ordinates and the pressures as 
abscisse, the curve obtained is convex towards the axis. It, in fact, 
resembles the first part of such a curve, for example, as that in Fig. 9— 
that which was obtained in that instance with pressures varying from - 
up to 70 or 80 mm. of mercury. 

A glance at Figs. 12, 13, 14, or, better still perhaps, at Fig. 17, veill 
show that at first the curves from the transverse strips, sdtthongh not 
straight in the first part of their course, yet have a very decided tendency 
towards the straight. These curves are not simple hyperbolas, they are 
rather of the nature of hyperbolic parabolas. With light weights, for 
example, from 0 up to 80 grammes, the transverse strip of the specimen 
from which Fig. 17 was taken has a tendency to follow Hooke’s law, 
i.e., to give a straight line with a curve constructed in this manner. 

The longitudinal strips have also a tendency, in the curves of Figs. 
12, 13, 14, and 17, to follow a straight course with light weights; but 
these curves are of infinitely less importance, for reasons which need not 
be referred to here, than the elasticity curves of transverse portions, in 
so far as concerns the relation which the elasticity of the walls of the 
arteries bears to their curves of volume and internal pressure. 

The elasticity curves of the transverse strips (which I will alone 
take into account at present) of the tracings on Pl. VII. are none of 
them perfectly straight in the firstpart of their course. Nor, it must 
be remembered, is it necessary that they should be so in order that the 
part of a volume and pressure curve to which they correspond should be 
convex towards the axis. It suffices for this that the curves —— not 
be too far removed from the straight. 

The more the elasticity curves of the transverse strips tend to 
approach a straight line in the first part of their course, the more would the 
increments in volume, of the portion of artery from which the strips 
were taken, increase in proportion to the internal pressures. To go into 
this question more closely, without the aid of mathematics, is scarcely 
possible. What has been said indicates the results which may be drawn 
from a rough comparison of curves taken from the samé specimen by 
the two methods which T have employed. 


great expansibility of the longitudinal as compared with the transverse elements of the 
walls of the arteries in these cases. In several instances, usually of old people, I have 
found the relation between the expansibility of longitudinal and transverse strips to have 
undergone a considerable i in fayour of the former. 
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b. Influence of age on the elastic properties of human ania. 


The tracings, given on Pl. VIL, admit of a comparison of the 
elasticity curves from aortas of persons of early, middle, and advanced 
ages, all of whom succumbed to rapidly fatal diseases, neithor affecting, 
to a marked degree, the arterial system specially, nor reducing the 
general nutrition of the body. 

Figs. 12 and 17 are from the aortas of two children of the ages of — 
21 and 9 years respectively. The form of the curves from the transverse 
strips is the same in both. They both show an evident tendency 
towards the straight in the first part of their course. | 

In the case of the older child (Fig. 17), however, the strip takes its 
principal bend with weights somewhat higher than in the case of the 
specimen from the younger child. In Fig. 17, in other words, the 
curve continues its descending course longer than the curve of Fig. 12. 
The relation of the length when unstretched to that when stretched by a 
weight of, ¢.g., 200 grammes, is very nearly the same in both cases. 
Taking the length when unexpanded as being, in each case, equal to 
100, the length with a weight of 200 grammes is, in the case of Hie 12, 
equal to 159, while in Fig, 17 it. corresponds to 160. 

If we compare these curves with Figs. 13 and 14, from a woman and 
a man between the ages of 20 and 30, we find that, even with persons 
below 30, the influence of age has begun to manifest itself. In Figs. 
13 and 14 the curves of the transverse strips are further removed from 
the straight at the first part of their course than is the case with. the 
corresponding curves from the aortas of the children. They are less fitted, 
therefore, to give the typical, normal volume and pressure curve ‘with 
a marked convexity towards the axis in the first part of its course. 
Nor is this accidental in these two instances; even at so low an age as 
20.I have never met with curves of the typically normal form which is 
found in the case of quite young children and healthy animals. _ 

On the other hand, these two curves show, that the aortic walls of 
healthy persons of the age of 20 to 30 are quite as expansible as those 
of healthy children. And this implies, taking the difference in circum- 
ference of the vessels at the two ages into account, and considering the 
elasticity of their walls in relation to their contents as tubes, that the 
aortas of full-grown persons are. more elastic than those of young ~ 
children. | 
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To show how nearly the ratio of expansion to the weights employed 
is tho same in the four specimens from which curves 12, 13, 14, and 17 
were taken, I give in a tabular form, and taking the length of the strips 
when unstretched as 100 in each case, their respective lengths with 
weights of 50, 100, and 200 ceepeee — 


* | Unstretehed. hung on. hung on. hung on. 
2h years; 12 100 181 148 159 
18 100 126 143 158 
$66 14 100 128 149 168 
ey 17 100 128 149 160 


The ratio of expansion to seta in the case of the transverse ni 


_ from these four specimens, is therefore much the same for all of them. _ 


The curve of Fig. 14 from the man presents a peculiarity which is 
still more marked in the arteries of muscular, athletic persons. The 
transverse strip of this specimen, as can be seen from the curve, is more 
elastic with heavy weights than any of the others. The aorta of this 
man was more expansible with high pressures than was the case with 
the woman’s orta of Fig. 13, for example. 

And a comparison of my curves from the aortas of male and female 
subjects show that for equal ages the male aorta is almost invariably 
more expansible, or more elastic, with high weights, such as 200 grammes, 
than the female aorta. 

With a weight of 200 grammes the transverse strip of aorta which 
gave the curve of Fig. 14 is a little longer, in relation to its length 
when unstretched, than any of the other specimens from which the other 
curves were taken. With muscular subjects this characteristic is ustally 
present, and often to a much more marked extent. 

When we come to examine the aortas of persons of advanced age 
we find that a striking change has occurred in the lon gitudinal elasticity 
of their walls. 

Fig. 15 is from the aorta of a female, xt. 76, whose aorta presented 
slight traces of atheroma at the point of exit of some of its branches. 
The part taken was, however, free from atheromatous changes. On the 
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The circumference of the aorta at the part: taken phesssinscts thoracic) 


was 5D mm. 

_ Fig. 16 is from another female, age 71. Death was caused a 
cerebral hemorrhage. Scattered irregularly over the interior of the 
aorta were atheromatous patches, mostly of small size, but the part 
taken was unaffected. Circumference of the aorta beyond the arch 
was 52 mm, 

The form of the curves in these two cases are different from that of 
the others on the same plate. Only with light weights up to 50 or 60 
grammes are the strips tolerably elastic, and even with light weights 
they are much less elastic than the others, as the following table “i 
their lengths with various weights will show :— 


76 YeATS 117 128 


Between curves such as those of Figs. 15 and 16, and those such as 
Figs. 13 and 14, all varieties are encountered at different ages. At an 
age of 70 or thereabouts I have never met with aortas which were 
much more elastic than the two examples I have given. But at ages 
between 40 and 50, for example, great differences in elasticity are found 
between. vessels of different individuals, 

It is needless to insist on the nature of the change i in the elasticity 
of the arteries which occurs in old people. The curves which I have ~ 
given will, it is believed, make this. sufficiently evident. The curve of 
cubic contents with the internal pressures of arteries whose walls give 
olasticity curves such as those of Figs, 15 and 16 resemble in form 
that given in Fig. 10, Pl. VI., from the marantic dog. There are 
however, many points of difference between the change of the elasticity 
of the arteries produced, ¢.g., by wasting fevers, and that which results 
from the effects of old age. This matter, however, as well as the 
peculiar changes in the elasticity which accompany some special forms 
of disease, such as chlorosis, can be more conveniently considered in a 
future paper. 

Before leaving this part of my subject I may refer to the aiesion as 
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to the distribution of the elastic resistance to stretching in the different 
coats of the aorta. : 

It is very easy, as need scarcely be remarked, ‘to separate the different 
layers of the aorta from one another. 

In the case of transverse strips from normal aortas remova! of the 
intima makes but little difference in the elasticity curve, as can be seen 
in Fig. 17, where the upper curve is from the intact strip, and the second 
from the same transverse strip after the intima had been more or less 
completely rerioved. 

For transverse strips the elastic resistance to stretching offered by 
the adventitia is also excessively slight compared with that offered by the 
media. The curve taken with the media alone is thus practically the 
same as that obtained from the strip before the intima and adventia have 
been torn away. 

With longitudinal strips the case is different. In them both intima 
and adventia play important parts in resisting the stretching produced 
by weights. The difference produced by removal of the intima can be 
seen in Fig. 17, where the two lower curves are from the longitudinal 
strip before and after the intima had been removed. As can be seen, 
this difference is most marked with weights up to 70 to 80 grammes. 
Qn the other hand the difference on the expansions, produced by 
removal of the adventitia is, with — Ag most marked with 


heavy weights. 


As already remarked, however, the elasticity of longitudinal strips 
of aortic wall are ivcaenipaieably less important than that of strips taken 
transversely to the length of the vessel. 

Such are the facts in the case of the aortas of young healthy subjects. 
In persons of very advanced age, however, the resistance of the different . 
layers of the aorta, as compared with one another, is found to have — 
undergone a change which is of interest, from a pathological point of 
view, in connection with the subject of the rupture of vessels and the 
production of aneurism. From the curves reproduced in Fig. 16 it can 
be seen that, in this case, removal of the intima did not leave the elastic 
resistance of the transverse strip unchanged. After removal of the inner 
coat the curve falls more rapidly than before, especially with light 
weights. In this instance removal of the adventia had but slight influence — 
on the course of the curve ; such is not, however, always the case with 
the aortas of old people. There was no evident structural change in the 
intima at the part taken in this‘ case, it must be remembered.. Where 
structural change exists, the change in the elastic properties of the aortic 
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than: referred to in the 


above 
C. “The form of the curve of longitudinal elasticity of the arterial wall. 


As may have been gathered from the foregoing pages, ‘the bile 
which I have obtained in my investigations do not coincide with those 
of other workers on the elasticity of animal tissues. These have, I 
believe, without exception found the elasticity curve of the , tissues 
which they examined on this point to be of some definite form which 
they seem to hold applicable to all specimens. _ 

The most favourite curve is the hyperbola, which was first found by 
Werthheim!, for all moist organic tissues. As regards muscles, the 
experiments of Werthheim have been confirmed by a considerable 
number of later observers’. Others, again, , have obtained different results, 
Wundt*, for example, found that on using only very light weights the 
clouisistone are proportional to the weights employed. v. Wittich* 
also found for muscle that the curve of elasticity is at first more or less 
straight—that, in fact, within certain narrow limits the elasticity of — 
muscles follows Hooke’s law. 

In the case of the muscles of the arm of man, Donders and van 
Mansvelt® found the elongations proportional to the weights employed. 
The method employed by them-was, however, by no means of a kind 
fitted to inspire confidence in the accuracy of the results obtained. 
Braune® found, on stretching veins in the direction of their length, that 
the elongations at first are sensibly proportionate to the weights used, 
the curves afterwards becoming hyperbolic. Bardeleben’, again, found 
that the elasticity curves of veins are parabolas. An ollipas and a 
logarithmic line are held by others to express most accurately the 
elasticity curve of animal tissues. 

The only designation which would include the different curves which 


Ann. d. Chimie et Phys., p. 385, 18477 

2 ¢g., E. Weber. Wagner’s Handwirterbuch, 2, 1846. Heidenhain, 
Physiologische Studien, Berlin, 1846. Volkmann, Arch. f. Anat. t. Physiologie 1859, 
8. 293, &e , &e. 

5 Die Lehre von der Muskelbewegung, 8. 32. 

Ber. Naturf.- Vers. cu Hannover, 1865, 8. 238. 

5 Van Mansfelt. Over de elasticiteit der spieren. Diss. Utrecht, 1863, _ 

Ueber Venen-elasticitit.”” Ludwig’s Festgabe, 1874. 

7 “Ueber Venen-elasticitat.”’ Sitzber. d. Jenaischen 4 
6 Juli, 1877. 
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I have found for the longitudinal elasticity of the arterial wall would be, 
I believe, the hyperbolic parabola. But I am strongly inclined to think 
that the classing together, under some such name, of the different curves 
obtained, is more apt to mislead than to enlighten the ordinary, physio- 
logical indent. 

I find that the elasticity curves of different arteries. vary with the 
individual, with the species, with the age, with the nutrition, with 
absence or presence of disease, with the direction in which the strip 
of tissue is taken, &., &., and that in a manner which can be seen 
at a glance in most cases, and described as a rule without the. use of 
zand y. ‘The conclusion would seem to be that to seek to find the 
exact term which will express the form of the curve in all cases tends 
to lead us away from the points in which the curves differ from one | 
another to those points in which they coincide—to lead us away from 
any points of practical importance, in fact, which may be learned from 
investigations on the elasticity of animal tissues.. 


IV. Elasticity of Moist Animal Tissues as Compared with 
that of Inorganic Substances. x 


- Werthheim assumed that the asymptote of the curve of longi- 


tudinal elasticity of animal tissue corresponds to the first part of the © 


curve of metals—that the molecular condition of animal tissues when 
stretched by relatively heavy weights is analogous, in so far as their 
elasticity is concerned, to that of metals when these were not stretched 
beyond the limits within which they follow Hooke’s law. 

My observations, referred to at the beginning of this paper, on the 
thermo-elastic properties of animal tissues have led me to consider the — 
possibility that any relation which exists between the elasticity of animal 
and that of inorganic substances may be different from that supposed by 
Werthheim. | 
~ The case of caoutchouc appears to me of considerable interest 
in connection with this subject. We know from the observations of 
Horvath that the longitudinal elasticity of india-rubber is characterized 
by the fact that with relatively light weights the elongations increase 
more and more in proportion to the weights employed, so that the — 
elasticity curve is at first convex towards the axis, and that it is only 
with heavier weights that the increments in length diminish in pro- 
portion to the weights used, the curve ne concave towards the 
axis and ending in an asymptote. 
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From the experiments of Schmulewitsch', on the other hand, we 
know that the thermo-elastic properties of caoutchouec vary with the 
weights used. When stretched by relatively light weights he found 
that rise of temperature causes expansion, as in the case of the majority 
of other substances, and that it is only when heavier weights are 
employed that contraction results from warming it. : 

The natural conclusion would be that the molecular condition of 
animal tissues corresponds to that of caoutchouc when expanded by 
relatively heavy weights, since in both the elasticity curve and the 
thermo-elastic properties correspond. - : 

Before accepting any such possibility I thought it desirable to find 
whether, on gradually increasing the weights applied to,¢g., a strip of 
aortic wall, the curve continues until the is 
reached. 

It was possible that before this was arrived at the curve might 
perhaps become convex towards the axis. Such, however, is not the 
case. The curve continues asymptotic until rupture occurs. — | 

With many metals the curve of longitudinal elasticity (on increasing 
the weights until the breaking point is arrived at) resembles, as 
Werthheim showed, that of caoutchouc, in so far that it is at first 
convex towards the abscissa, becoming with heavier weights concave on 
the same side. Should it be found that when stretched almost to the 
breaking point the thermo-elastic properties of these metals resembles 
that of animal tissues, the analogy of the molecular condition in the two 
cases, and the resemblance to that of caoutchouc when expanded by 
relatively heavy weights, would be complete. 

The whole curve of animal tissues could then be held to correspond 
with that of metals when stretched to a point where their — 
curve approaches the breaking aioe 


CONCLUSION. 


A short reference to one or two of the facts contained in the 
foregoing pages, such as will indicate the scope of the paper, may not 
be out of place in concluding. 

It has been pointed out that animal tissues differ from the vast majority 
of other substances in their thermo-elastic properties. They contract on 
1 Loe. cit. 
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being warmed and expand when their temperature is lowered. Cor- _ 


responding with this we find that on being stretched their temperature 
rises, to fall again on their being relaxed. 


When we come to investigate the elasticity of the arterial walls we 
find that this is marvellously well adapted to the circumstances under — 


which it comes into play in the living animal. Considered as tubes, it 
is found that the arteries are most elastic, most distensible, with internal 
pressures such as, during the life of the animal, have existed in their 
interior. As has been pointed out, the maximum increase in capacity 
with unit increase of internal pressure is reached, in the case of the 
aorta and large arteries of different species of animals, with a pressure 
at er near the medium blood pressure of the animal from which the 
specimen was taken. 

As we have seen, in any given animal the ratio of increase of volume 
to increase of pressure is the same in the aorta and its branches. From 
a functional point of view the elasticity of the large arterial tubes is the 
same for each individual. On comparing the. capacities when undis- 
tended with those when distended with a given internal pressure, it is 
found, however, that the relation is not the same for the aorta and its 
branches. The aorta is relatively wider in its undistended condition 
than the femorals and carotids. 


The elasticity of the arteries is sinali more readily modified by 7 


diseases affecting the general nutrition than is usually imagined. As 
has been shown, slow febrile processes, producing marasmus, may 
modify completely the form of the curve of elasticity which is con- 
structed by taking the cubic capacity of the piece of arterial tube as-the 
ordinates and the internal pressures as the abscisse. The relation of 
the pressures to the volumes of portions of aorta or artery from persons 
or animals which have suffered from some wasting illness, not specially 
affecting the arterial system, is quite different from that which.exists 
in health. Where marked marasmus has existed before death the 
arteries are found to be relatively wider than normal, and are most 
distensible with internal pressures immediately above zero. 

The effect of age on the elasticity of the arteries has been dealt with 
at some length. It has been shown that only in the case of young 
children do we find that the elasticity of the arteries is so perfectly 
adapted to the requirements of the organism as it is in the case of the 
lower animals. 

It has been shown that the ratio of expansion of strips of the aortic 
wall to the weights employed to stretch them remains much the same 
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from childhood up to a certain age. And from this it follows that the 
elasticity of the arteries, as tubes, will go on increasing until, with adult 
age, their full diameter is reached. With old age the elasticity of the 
arteries is found greatly modified in its characters, becoming less and 
less fitted to enable the arteries to fulfil their function in the economy. 

I donot intend, however, to give a resumé of the contents of the 
above pages. 

I have not, it may be added, me to prove in the course of this 
paper that the elastic properties of dead arteries are closely allied, if 
not identical, with those they possess in the living animal. 

There is no want of analogy in the case of other tissues, such as 
voluntary muscle, which might justify our assuming that death will not 
change to any important extent the physical properties of the arterial — 
wall ; but I prefer to leave this subject untouched, hoping to be enabled 


to obtain trustworthy data from experiments on the blood vessels of living 


animals, 

In conclusion, it is my pleasant- duty to express my warmest. thanks 
to Professor Goltz for the assistance and advice with which he has 
furnished me in connection with this subject. To Professor v. 
Recklinghausen also, in whose institute a number of my obser- 
vations were made, I have to express my grateful thanks. 


CamMBRIDGE, November, 1880. 


EXPLANATION OF FIGURES. 


Prats V.—Fig. 1, vide text, p. 133; Fig. 2, vide text, p. 136; Fig. 3, vide text, p. 
146, 

Pirate VI.—Figs. 4, 5, and 6 are sufficiently described in text, p. 134. Fig. 7 is from a 
portion of rabbit’s femoral artery, taken with the instrument illustrated in Fig. 1. The 
short horizontal lines were drawn after successive increments of intra-arterial pressure. 
The figures give the intra-vascular pressure at the time that each line was drawn. The 
quantity of oil within the instrument remained the same during the time that the tracing 
was taken. Figs. 8 and 9.—The curved vertical lines of Fig. 9 give the correction for the 
lever, they being arcs of a circle whose radius is of the same length as the lever. The 
figures above the curve give the intra-arterial pressures in m.m. of mercury. The ordi- 
nates of the curves 8, 9, 10, and 11 are the cubic contents of the portion of artery, and the 
abscissee are the intra-vascular pressures which increase in all at the same rate as in 
Fig. 9. In tracings 8 and 9 the intra-vascular pressure was raised from below 0 to 200, 
while in Figs. 10 and 11 it was lowered from 200 to below 0. In Figs. 10 and Hi, 
therefore, the zeros of the abscissz are at the right-hand side of the curves. 

Prats VII.—Sufficiently described in text. | 
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ON CROSSED HYPERASTHESIA. By ISAAU OTT, M.D., 
Late Lecturer on Experimental Physiology, University of Pennsylvania. . 


WuEeEN in an animal a hemisection of the spinal cord is made, then 
hyperzesthesia results on the side of section, and an anzsthesia on the 
opposite side. There have been many explanations offered of this pheno- 
menon, none very satisfactory. Setschenow’, on the strength of his 
discovery in the frog of centres in the optic thalami and corpora quadri- 
gemina inhibiting spinal reflex action, believed it was due to irritation 
and section of fibres carrying the inhibition, the irritation producing 
anesthesia and the section hyperesthesia. Ludwig and Woros- 
chiloff? have adopted a somewhat similar explanation. 

I have also attempted to support the same view by a totally different 
method, taking advantage of a fact of which Setschenow and W oros- 
chiloff were unaware, viz.*, that the inhibitory fibres having their 
origin in centres located in the base of the optic. thalami and the adja- 
cent ends of the crura cerebri, decussate in the medulla oblongata and 
then run on in the lateral columns. If this theory of hyperzsthesia 
is true, then a section at the commencement of the decussation should 
produce a crossed hypersesthesia instead of a hyperssthesia on the side 
of section. The decussation‘ of inhibitory fibres begins at the upper end 
of the pons, or higher, and extends to about the nib of the calamus. 
My experiments were made to determine this point. Method: Rabbits 
were selected, etherized, placed upon Czermak’s holder, and a hemi- 
section or three-quarter section made of the pons on a level. with the 
posterior edge of the corpora quadrigemina. The section is made by 
passing a knife through the occipital bone and the cerebellum, and then 
cutting outward. Artificial respiration was usially resorted to. When 
a section was made of the nature described, and a half or whole hour 
elapsed, then a hypersesthesia was found to exist on the opposite side, 


1 Neue Versuche am Hirn und Riickenmark des Frosches. Von Setschenow und Paschutin. 
Berlin, 1865. 
Ludwig’s <Arbeiten, 1874. 
Ott and Smith. Journal of Nervous Diseases, 1879. 
* New York Medical Journal, 1879. 
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CROSSED HY PERASTHESIA. 


especially marked in the anterior extremity. The temporary excitation 
of the inhibitory fibres by the knife produces in some cases a temporary 
anesthesia, followed by a permanent hyperesthesia. It is known, and I 
have often verified it, that a hemisection of the oblong medulla causes 
_hyperesthesia on the side of section, because the majority of the inhibi- 
tory fibres have decussated. When a three-quarter section is made a few 
millimetres below the inferior cerebellar peduncle, then the tendency 
to crossed hyperesthesia is feebly marked, for the reason just given. 
Further, when I hemisected the cord on the same side as the pons, then 
the hyperzsthesia of the opposite side was replaced by a state of anzs- 
thesia, and hyperesthesia was found on the side of section as usually 
takes place. The preceding section in the pons does not influence this 
phenomenon. Here the fibres of inhibition on the side of the spinal 
cord.on which the medulla has been divided are still in activity until the 
second section is made, when their power over reflex action is removed. 
The irritation of the knife in hemisection still irritates the inhibitory — 
fibres of the opposite side and produces anesthesia. It may be objected 
that the cerebellum when divided in the section of the pons was the 
cause of the hyperasthesia, but experiment did not confirm it. It may 
be denied that this crossed hyperesthesia takes place in cats, but experi- © 
ence proves that it does. Further, the fact that inhibitory fibres in the 
cat and fibres of hyperssthesia in the rabbit run in the internal half of 
the middle third of the lateral columns is confirmatory of the views ex- 
pressed above. The experiments appended, I think, prove that a section 
of inhibitory fibres produces hyperesthesia, and if made before the 
decussation a crossed hyperesthesia, and if after the decussation hyper- 
wsthesia on the side of section. These experiments must be made upon © 
large and vigorous animals to succeed. | 


Exp. 1.—Rabbit, etherized, section lightly beyond the median line of the 
pi imit of the medulla oblongata on the right side ; the left side hyper- 
esthetic, 


.Exp. 2.—Rabbit, etherized at 11.40 a.m., had a three-fourth section of the 
pons varolii on a level with the corpora quadrigemina on the right side ; 
11.45 a.m., hyperssthesia on the right side, anzesthesia upon the left side ; 
12.10 a.m., left side hyperewsthetic and remained so, the left anterior extremity 
especially sensitive. | 


- Exp. 3.—Rabbit, etherized, three-fourth section of right side of pons 
varolii in front of inferior peduncles of cerebellum; hyperzesthesia on the left 
side, right side normal. 
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162 ISAAC OTT. 
Exp. 4.—Rabbit, etherized, a three-fourth section on the medulla, right 


‘side, just below the inferior peduncles of the cerebellum, hyperasthesia on the 


left side; hemisection of spinal cord on the same side, hypersesthesia in the 
right posterior extremity, anzesthesia in the left posterior extremity. 


_ Exp. 5.—Rabbit, etherized, three-fourth section on right side of pons 
varolii, after an hour hypersesthesia on the left side, especially in the anterior 
extremity; hemisection of spinal cord on right side, hypersesthesia on the right 
side, anzesthesia on the left side. 


Exp. 6—Rabbit, etherized, hemisection of pons varolii on the right side; 
immediately after section great hypereesthesia on the left side. 


etherized, cerebellum. divided transversely, wounding a 
cerebel 


peduncle; after waiting two hours no hyperssthesia was observed. 


Exp. 8.—Oat, etherized, hemisection of right side of pons varolii on a level 
with the posterior edge of co i quadrigemina ; r waiting an hour 
hypereesthesia: ap in the left posterior extremity. 
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NOTES ON INHIBITION. By ISAAC OTT, MD., Late Lecturer 
on Experimental Physiology, University of Pennsylvania. 


Inhibitory Centre of Anal Rhythm. 


In a previous number of this Journal I have located in the optic thalami 
a centre inhibiting the ano-spinal and vagino-spinal centres. At that 
time I was not able to say what part the corpora quadrigemina, cerebellum, 
or crura cerebri took in this inhibition. I have lately made a new series 
of experiments upon this point. Method: Cats were selected, bound down - 
on Czermak’s holder, etherized, tracheotomy performed, the skull in the 
parietal region at its posterior part trephined, and the opening enlarged 


by the bone-forceps. Artificial respiration was then set up and a spear- 


shaped knife used to sever the corpora quadrigemina, thalami optici, and 
cerebral crura. To break up the cerebellum I used a blunt probe. After 
the section the presence or absence of rhythm in the sphincter ani was 
noted. When the corpora quadrigemina and the upper half of the 
thalami were sliced off by the knife, then no rhythm ensued. When the 
cerebellum was destroyed no rhythm was discovered. But when the base 
of the thalami was sliced away near the crura cerebri, then a rhythm 
ensued, which, however, was rendered more powerful by simultaneous 
section of the upper end of the crura cerebri. When the crura were 
divided alone at about their middle in a transverse direction the rhythm 
ensued. All these experiments show that in the base of the thalami and 
the upper end of the crura cerebri lie centres inhibiting the ano-spinal 
centre. 


Decussation of Inhibitory Fibres. 


I have shown also in this Journal that in the lateral columns run the 


* fibres of these inhibitory centres, and in conjunction with Dr. R. M. 


Smith have further defined their course in the middle, third, and 
internal half of the lateral columns. We have also attempted to show 
that they decussate, the lowest point of decussation being about a quarter 
to three-quarters of an inch below the nib of the calamus scriptorius.. I 
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164 ISAAC OTT. 
have also further shown that in the medulla oblongata these inhibitory 


fibres mainly run in the intermediate columns, some passing down on 
the same side of the cord whilst others cross over, that in the pons 
varolii they run in the anterior half of it. I have made a series of 
experiments to determine more accurately the extent of this decussation. 
Method : Cats were taken, etherized, tracheotomy pérformed, medulla 
bared between occiput and atlas, artificial respiration established, and 
a longitudinal section made of the medulla oblongata. When only a 
_ longitudinal section was made in the median line of the medulla oblongata 
then no anal rhythm ensued ; but when it extended through the pons 
varolii then rhythm came on quite markedly. So it may be inferred 
that the decussation of the inhibitory fibres begins in the pons varolii or 
even higher, and extends down to the calamus or three-quarters of an 
inch below it. 


- Inhibition of the Vesical Sphincter. 


If the neck of the bladder contains a true sphincter or not, I will not 
discuss. During my experiments I frequently noted in a large number 
that section of the crura cerebri was followed by a flow of urine, just as 
after the section there are frequently attempts at defecation. I made 
some experiments upon this subject. Method: Cats were etherized, 
tracheotomy performed, parietal region trephined, artificial respiration 
established, the neck of the bladder bared, and a section of the crura 
cerebri made by means of a spear-shaped knife. It was found that 
immediately after the section the neck of the bladder dilated and the 
urine began to flow; the walls of the bladder did not move, except to 
contract slowly on the escaping contents. Further irritation of the lower 
cut end of the cerebral crura by the knife did not exert any exciting effect 
on the neck of the bladder, which it would have done had the flow of 
urine been due to an irritation of fibres starting the bladder into activity. 
It seems to me that this escape of urine is due to the removal of an 
inhibition of the vesico-spinal centre, and that this inhibition is located 
in the upper end of the crura cerebri. 
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OBSERVATIONS ON THE MEAN PRESSURE AND THE 
; CHARACTERS OF THE PULSE-WAVEIN THE CORO- 
NARY ARTERIES OF THE HEART. By H. NEWELL- 
MARTIN, Professor of Biology, and W. T. SEDGWIOK, 
Assistant «n the Biological Laboratory, Johns Hopkins University, 

Balhmore, U.S.A. Pi. VIIL., IX, X. 


Waite for a considerable number of years careful studies of the blood- 
flow in various arteries of the mammalian body have been made under 
different conditions, the arteries of the heart itself have remained in an 
exceptional position. The average pressure and the pulse characters in 


them have been unknown, in spite of the recognized fact that great 
interest and importance belong to their study. | 


The following pages give an account of experiments undertaken 
with the object of gaining some knowledge of these points, and contain, 
we believe, a description of the first successful attempt to record gra- 


. phically, as in other arteries, the blood-pressure and its variations in the 


arteries of the heart. They were begun in the first place for the 
purpose of testing the theory of Thebesius—a theory independently 
propounded and warmly supported in recent times by Briicke, and 
others, concerning the physiology of the aortic semilunar valves. 
According to thjs theory, during ventricular systole the thin flaps of 
the valve are pressed upwards and cover the mouths of the coronary 


_ arteries, completely closing them, so that blood can enter these vessels 


only during the time of ventricular diastole and during that small 


_ portion of the systolic period which is occupied by the valve in travelling 


from its diastolic position across the mouth of the aorta, to its systolic 
position against the aortic wall and over the mouths of the coronaries. 
Observations on the spirting of blood from a cut coronary artery have 
shown this to be synchronous with systole of the ventricle ; but to the 
value of these observations Briicke? has raised two objections. First, that 
merely opening the pericardium is enough to destroy the normal action 
of the heart and: consequently of the valve under consideration ; and, 
second, even supposing it does not thus’ interfere, that the brief period 


Vorlesungen, 1881, 8. 185. 
PH. Itt. 1 
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166 H. NEWELL-MARTIN AND W. T. SEDGWICK. 


before the valve-flap closes over the coronary (and during which the 
coronary blood must share the rise of aortic pressure due to commencing 
systole) is quite sufficient to cause a systolic spirtin 8, especially if the 


- ‘outflow from the heart vessels is hindered by the increasing cardiac 


contraction compressing the smaller branches in the heart walls. The 


first objection seems to us trivial when only a smallslit over the artery 


is made in the pericardial sac; but the second is more formidable. We 
know that in the first stage of the systole, before the valve can close 
over them, a rise of pressure must take place in the coronary trunks. 
To urge, therefore, that mere observation of spirting from the cut end of 
such a trunk can settle the question, is to claim that the unaided eye. 
can distinguish between a rise of pressure only occurring early in the 
systolic period and a rise caused directly by the systole of the ventricle 
and lasting all through it. Considering how little time is needed for a 
complete contraction this is clearly impossible. Again, with our 
previous ignorance of the events transpiring in the cardiac vessels, and 
with no experimental evidence of increase or diminution of resistance in 
the smaller twigs during the systole, it is quite. conceivable that some 


_ spirting might occur during that period, owing to the simultaneous 


effects of hindrance to the outflow and of increased pressure exerted upon 
the vessels by the contracting tissue. In a case like this, which calls for 
accurate observation and comparison, the graphical method is the only 
satisfactory one; and as numerous attempts to settle the question at 
stake, based on other methods, have given rise to great diversity of 
opinion, we set to work to obtain, if possible, simultaneous records 
of the blood-pressure and pulse-waves in the coronary and carotid 
arteries. 

Although the opposite-view has from time to time been upheld by 
many anatomists and physiologists, nevertheless B riick e. has so skil- 
fully defended his theory that it is accepted by many physiologists 
to-day’; we, at least, prepared for our experiments with a decided 


leaning toward his view, and began work in. the hope of establishing it 


more firmly. The results of our investigation, however, have forced us 
to believe that the semilunar valve does not act as Briicke supposes, and 
that his‘theory is no longer tenable.:_ Apart; however, from this point, 
we venture to believe that the work possesses interest, of its own ; and 


that the discovery that it is quite possible to get tracings of. the en. 


pressure in the arteries of the dog’s heart, lays open a considerable field 
for investigations upon the maximelian heart in general—an organ 
which has hitherto been somewhat baffling to the ee 
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Our experiments have all been made on dogs placed under the 
influence of a fall, or rather an extreme, dose of morphia—from one to 
two grams of the acetate given subcutaneously in watery solution. 
While this drug greatly slows the respirations. and somewhat later, to a 
certain extent, the rate of the heart’s beat, it seems in no way to impair 
the vitality of this organ ; if anything it appears rather to increase its 
capacity for bearing insults—a matter deserving of further investigation. 
The animal having’ been put very completely under the influence of 
the drug, tracheotomy was performed, a cannula placed in one carotid 
artery, and the pneumogastric nerve of the same side’ exposed and 
divided so that its peripheral end was ready for stimulation. 

An incision was then made in the middle line along the manubrium of 
the sternum ; the muscles, &c., were dissected from the first pair of costal 
cartilages, and (the apparatus for artificial respiration having been 
connected with the windpipe) the cartilages of the first pair’of ribs and 
the bit of sternum between them were removed, thus laying bare the apex 
of the chest cavity, which was then opened. The artificial respiration 


was now stopped for a few seconds, so that the lungs might collapse and 


thus expose on each side the internal mammary artery, running along the 
exterior of the mediastinum ‘and the remnant of the thymus, to the 
ventral aspect of the chest wall opposite the second costal cartilage. 
These arteries having been tied, the incision along the middle line was 
prolonged backwards and the skin and’ muscles reflected on each side so 
as to expose the rib cartilages, This operation is usually accompanied 


. by only an inconsiderable venous oozing after the internal mammary 


arteries have been secured in the manner just mentioned. 

The sternum and costal cartilages were then removed, care of course 
being taken not to injure the lungs. The next step was to stitch the 
pericardium to the chest wall in order to support the heart and prevent 
its receding too much when the lungs empty during expiration. 

Branches of the coronary artery can now be seen through the peri- 
cardium, and a window is so cut in that membrane as to expose a branch 
which seems suitable, while all the wet of the heart remains protected 
and supported by its sac. 3 

So far the operative procedures are tedious but present no special 
difficulty ; but to lay bare the coronary branch and to fix the cannula in 
it while the heart continues to beat is much more troublesome, since any 
carelessness: in these operations is apt to so far injure the heart’as to 
destroy its normal beat and ‘throw the ventricles into incoordinate fibrillar 
contractions, from which we have never seen them recover. The success 
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of the attempt depends largely on the animal ; in the most favourable cases 
the left coronary artery, after giving off its transverse branch, which runs 
along the auriculo-ventricular groove, passes along the septum ventri- 
culorum on the ventral aspect of the heart, and gives off near the base of 


_the ventricle a considerable branch to the right, which runs with a vein on 
each side of it, and is covered only by the visceral layer of the pericardium 


and some fat. Into this branch the cannula is inserted, and the blood 
carried by the main trunk and its remaining branches serves perfectly to 
keep the heart beating vigorously for several hours, as we have repeatedly 
found. In other cases the artery does not give off this one main branch, 
but (especially in large dogs) runs along the ventricles, giving off small 
twigs right and left which are too minute for the convenient introduction 
of a cannula, and are, moreover, often covered by a thin layer of the 
musculature of the heart in addition to the pericardium. This muscular 
layer adds greatly to the difficulty of successfully isolating the artery, for 
any wound to the proper cardiac substance about the vessels seems more 
fatal to the organ than anything else. Soon after such an injury it 
almost invariably exhibits periodic beats for a short time and then 
the ventricle passes into a state of fibrillar contraction. The well-known 
fact that needles may be thrust into many parts of the heart without 
essentially influencing its beat for a long time, inclines us to the belief 
that the result in the cases to which we refer is perhaps due to the 
injury of nerve trunks which may run in the heart near its arteries and 
which are torn with the muscle, rather than to direct injury of the 
muscular substance ; but we have not yet had an opportunity to examine 
this point. 

A suitable coronary branch having been found, the next step is the 
most difficult in the operation, viz., to tear ‘through: the visceral peri- 
cardium over the artery without aiming that vessel or its accompanyit' g 
viens ; for the membrane is so smooth and tightly stretched that it is not 
easy to catch hold of ; and then so tough that it is difficult to penetrate. 
Our method is as follows:—All being ready, the pneumogastric trunk is 
stimulated so as to stop the heart’s beat, and the artificial respiration 
simultaneously suspended so as to avoid movements of the heart due to 
contractions and expansions of the lungs. With a sharp-pointed pair of 
forceps the pericardium over the artery is seized and a hole torn through 
it by means of a needle ; once this aperture is made through the tough 
membrane without injuring any of the vessels the rest of the operation is 
comparatively easy. The stimulation of the pneumogastric is stopped and 
the artificial respiration resumed for a moment or two ; then the heart- 
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beat and breathing are again suspended, the edge of the hole is taken in 
the forceps and the membrane over the artery slit up toward the base of 
the heart by a very fine-bladed knife. From time to time, as the heart 
begins to beat in spite of stimulation of the pneumogastric, the nerve 
is allowed to rest and the respiration is resumed, and in this way the 
alternate stimulation and rest are repeated as stten as may be necessary 
in order to expose a sufficient length of the artery, to place ligatures 
around it, and insert a cannula in the manner adopted for any other 
artery. The carotid is then connected with one mercury manometer, the 
coronary branch with another, and, the pens being arranged so as to 
write exactly over one another, tracings are taken on the kymographion. 

The mode of connection of the arteries with the manometers 
demands a word. In the first place, the three inches of the arterial 
end of the connecting tube between the coronary and its manometer 
consist of highly flexible rubber tubing. This, no doubt, slightly 
modifies the pulse-waves on the tracing, but it gives to the heart free 
play during each beat, since the flexible tube offers no restraint but 


- yields readily. This soft tubing is succeeded by a glass tube, which is 


firmly held by a solid support, so that no locomotion of the tubing 
occurs beyond this point. 

Movement of the bit of flexible tubing attached to the cannula does 
slightly alter the level of mercury in the manometer, but, as we have 
satisfied ourselves by careful examination, causes no features in the 
tracing which can be mistaken for a pulse-wave. Beyond the piece of 
glass tubing mentioned above, the connecting arrangement is similar 
for the two arteries. 

To get a true base-line, or line of no pressure, for each manometer 
gave us some little trouble. ‘The base-line is often taken as that drawn 
by the pen when the mereury stands at the same height in both legs of 
the manometer, but this is seldom correct. If the end of the connecting 
apparatus attached to the artery be above the level of the mercury in the 
limbs of the manometer with which it is joined, the weight of the liquid 
in it will affect that level, making it sink in the nearer and, of course, 
rise in the farther limb whieh bears the pen. If, on the other hand, as 
is more often the case, the arterial end of the connecting tube be below 
the level of the mercury in the gauge the tube acts like a siphon-tube ; 
the mercury rises somewhat in the proximal limb, and sinks to the same 
extent in that which carries the pen, so that in either case the base-line 
drawn with the two mercury columns level will be incorrect. 


As we wished especially to compare the amount of arterial pressure 
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in the coronary with that in the carotid, we had to eliminate such errors, 
and the more so because the manometer attached to the coronary artery 
was invariably above. the one connected with the carotid, and so the 
siphon action (for the ends of the tubes farthest from the kymographion 
were always below the levels of the mercury in the manometers) was 
considerably greater. The method which we adoptéd gives, we think, 
absolutely true results. Having finished an experiment, we stopped the 
artificial respiration, and let the animal die of asphyxia, the manometers 
being meanwhile shut off from connection with the arterial system. 
When the animal was quite dead, and all traces of arterial pressure 
had disappeared, the communication with the manometers was again 
opened, and the pens, of course, fell with the mercury to the level which 
corresponded to zero arterial pressure: we, of course, satisfied ourselves 
that there were no clots in the apparatus. The pens were then turned 
away from the paper, which was next recoiled on the drum until the 
beginning of the record of the experiment was reached ; then, the pens 
being turned back again, the kymographion was started once more and 
each pen drew its own base line, being still connected with its artery and 
the position of the animal being the same as during the experiment. 
It has been suggested to us that the base line so obtained may not. be 
reliable as some arterial pressure might still remain in either the carotid 
or coronary vessel, or in both, after general death ; but this objection we 
think will not bear examination. After death from asphyxia, as is well 
known, the arterial system, at least in its larger trunks, is extremely 
empty ; a few minutes after its occurrence one may cut the aorta without 
the slightest spirt of blood resulting, and, indeed, even almost without 
bleeding at all; and the carotids, subclavians, and other large arterial 
trunks are obviously collapsed and empty. That under such circum- 
stances there should be any arterial pressure possibly remaining in 
arteries in free and direct connection with the aorta is not conceivable. 
A description of the tracings taken on the kymographion (Figs. 1—5, 
Pl. VITI., [X., X.) will serve best to show our results, The tracings, in 
fact, speak for themselves, and have been selected from a considerable 
number which all perfectly agree with them as to the conclusions to 
which they lead; we have never obtained a single contradictory record. 
The pulse synchronism and the similarity of the pulse-waves in the carotid 
and coronary under different amounts of blood-pressure and with various 
rates of heart-beat is remarkable throughout. In Fig. 1, Pl. VIII, 
we have a pulse rate of 132 per minute, and complete synchronism in 
the two arteries; the mean pressure in the former being 62 mm. of Hg. 
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and in the latter 42. The verticals, vv, cut all the tracings at points 


corresponding to the same moment of time. In Fig. 2, Pl. IX., is a 
tracing taken with a quicker pulse, about 172 per minute. At v’, 
artificial respiration was stopped. so as to get a dyspneic rise of arterial 
pressure. As the verticals show, this does not disturb in the least 
the synchronism or similarity of the pulse-waves in the two arteries, 
Mean pressure in coronary, 46 mm. of Hg., and in carotid 56, at the 
beginning, rising to 100 mm. and 120 mm. respectively just before v’”. 

Fig. 3, Pl. [X., gives simultaneous tracings from the two arteries 
during. extreme dyspnoea, with greatly slowed pulse and very high 
blood-pressure, rising in the part of the tracing given to 120 mm. of 
Hg. in the coronary artery and to 132 in the carotid. Ultimately the 
pressure rose still higher, and drove the pen attached to the coronary 
vessel off the top of the paper, so that a record could not be obtained. 
The accuracy with which each tracing reproduced the other during all 
the variations of pressure and pulse-rate which occurred during this 
observation is very remarkable, and seems to make it certain that the 
pressure in each artery is directly determined by the same cause, viz., 
aortic. pressure. The contracting ventricle might conceivably increase 
pressure in the coronary vessels by compressing them; but variations 
thus produced cannot be imagined as agreeing so, perfectly with the 
variations in carotid pressure (which, on such a theory, must be under 
different influences) as do those given in this figure. - 

_. Unfortunately a seconds’ pen was not connected with the kymo- 
graphion on this occasion, so that the pulse-rate cannot be stated 
accurately; but by taking an average from the rate of movement in 
other cases it may be set down as about 60 without any great error. 

In Fig. 4, Pl. X., is given a tracing taken soon after the resumption 
of artificial respiration, which had been interrupted long enough to 
produce (as seen to the right of the tracing) a considerable dyspnesic rise 
of arterial pressure. Well marked and similar Traube’s curves are seen 
on each tracing, and also the synchronous pulse in. both arteries. This 
synchronism is maintained throughout all changes of cardiac rhythm and 
blood pressure. | | 

In Fig. 5, Pl. X., is a tracing in which the coronary. pressure is 
higher than the carotid (76 mm. against 64 mm. Hg.). This may per 
haps be due to our having taken in this case a coronary branch nearer 
the main stem than usual; but it may also, and more probably, be vaso- 
motor. The heart arteries have a very active system of these nerves, as 
any one who experiments with them will soon observe. Not unfre- 
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| quently on. laying bare a coronary branch’ that seemed suitable for 


inserting the cannula we have found it apparently so small that our 
endeavour seemed hopeless; and then in a minute or two it would 
dilate again to at least double its previous diameter. If it be borne in 
mind that the coronary branch used was always but a small twig of the 
whole coronary system, it seems possible that great constriction in the. 
rest of the branches might so oppose the blood flow as to raise the pres- 
sure almost up to that in the aortic arch, and so bring it above that in 
the carotid’. 

In other respects ‘the tracing illustrates the same points as those 
reproduced in the preceding figures. The heart was beating 148 per 
minute. | 

We find then that whether the heart beats slow or fast, and whether 
arterial pressure be high or low, every feature of the carotid pulse is 
simultaneously given in the coronary. No doubt, with a faster-travelling 
roll of paper the synchronism would not be perfect, as the carotid vessel 
is farther from the heart, but the pulse-wave travels so fast that this 
could not be expected to be shown on the kymograph. 

There is, however, no trace of any alternation in the pulse-waves, 
such as would seem necessarily to follow from an occlusion of the mouths 
of the coronary arteries during the ventricular systole, and such as the 
kymograph would certainly show if it existed. 

The argument which was used effectively against conclusions drawn 
from observations upon spirting coronary arteries, may be brought 
perhaps to bear upon our work, viz. : that in the earliest stage of con- 
traction of the ventricle, the coronary shares with the carotid the general 
rise of pressure in the arterial system, because the valve has not yet 
closed over its mouth ; and that, in consequence, it is to be expected that 
the two pens which have travelled during the diastole of the previous 


undulation together shall together begin their systolic journey on the 


new pulse-wave. This is, no doubt, quite true, and we have no objection 
to the argument as far as it goes. It leaves off, however, where our 
work begins, and does not affect the real point of the question, though 


it emphasizes the necessity for exact tracings which can be studied 
leisurely. 


’ ‘We have recently endeavoured to discover the source of the vaso-constrictor nerves of 
the heart, by connecting cannule with carotid and coronary arteries and then observing if a 
relative rise of coronary pressure could be brought about by stimulating extrinsic cardiac 
nerves. So far our experiments have been confined to the accelerators and have been 
entirely negative. We got the acceleration of the pulse rate, but no rise or fall in coronary 
pressure, which was not exactly duplicated on the tracing from the carotid manometer. 
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Since the coronary artery is freely exposed to aortic pressure during 
all of the diastole and during the first fraction of the systole of the 
ventricle, we are not surprised to find, at that time, on the tracings 
complete agreement between carotid pee coronary pulses; they are 
caused by the same things and are therefore similar. If now we turn 
to the tracings described during the major portion of the systolic period, 
and find them duplicates one of the other, alike in form and synchronous 
in characters, it is hard to believe that they also are not directly depen- 
dent on the same immediate cause, 1.¢., aortic pressure. For if the valve 
closes as Briicke believes, the forces acting upon the two arterial con- 


_ tents are no longer identical ; the carotid is still marking an increasing 


pressure due to the outflow of blood from the energetically contracting 
veniricle ; but the coronary, cut off by the valve from influx of blood, 
is put under other conditions. It is not supposable that the ventricle 
acting upon the carotid directly through the aorta should cause it to 
trace a pressure curve precisely like one drawn at the same time by the 
coronary, upon which it is acting only indirectly (<¢., by raising intra- 


- ventricular pressure, aiid so causing extra compression of the vessels in 


the heart substance). Nor is it conceivable that the coronary artery 
should have its mouth suddenly closed at one instant during the period 
of rising pulse-wave, and still go on tracing undisturbed an uniform rise 
of pressure. Under such circumstances some deformation of the 
coronary curve, some irregularity in the tracing, must take place. 
Again, after the systole is over and the valves rebound to their position 
over the mouth of the aorta, a moment would come (when the period of 
highest carotid pressure was just past) when the coronary artery would 
suddenly be opened and blood would be driven into it. 

An injection of blood into the previously closed coronary system at 
this moment ought surely (even if it did not, as may be urged, raise 
arterial pressure in the coronary artery, benknse the cardiac muscle was 
relaxing and making the coronary circuit easier of passage) to show 
itself in some break or rise, or other special feature in the pressure- 
changes at that moment occurring in the vessel ; the tracing from the 
coronary vessel (now for the first time receiving blood) could not 
exactly agree in every respect with the tracing from the carotid artery, 
which is simultaneously emptying itself steadily and regularly under the 
force of arterial elasticity. We find, however, nowhere any indication 
of such events ; the coronary tracing is always a duplicate of the carotid 
under all circumstances, and there is no sign of any periods when great 
circulatory changes (such as are involved in the supposition that the 
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mouths of the coronary vessels are alternately closed and opened) are 
taking place in the coronary artery. 

We are therefore forced to conclude that those are in the right who 
have maintained that the flaps of the semilunar valve are never pressed 
completely back against the aortic wall during systole of the ventricle, 
_ Finally we may point out that the tracings show the pressure-changes 
in the coronary system to be very much like those in any other branch 
of the aortic system—the carotid for example. It may be added in 
conclusion that though forced to differ from Briicke in regard to 
any interference of the semilunar valve with the circulation in the 
coronary system, our observations in no way contradict his teaching 
that during ventricular diastole blood flowing into the coronary 
arteries aids in distending the flaccid heart. This is probably true. 
The complete “ Selbststewerung’’ is however no longer tenable; the 
arteries of the heart are not emptied during the ventricular diastole 
so as to diminish the resistance to contraction but are at that time 
tensely filled. Moreover, as our tracings show, the little-increment of 
pressure during the systole of a single beat when compared with the 
_ entire mean pressure constantly at work in the coronary system is so 
small that after all not much would be gained by blocking the mouths of 
the arteries i in order to avoid it. 
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Coronary artery tracing. 


Line of no pressure in coronary artery manometer. | 


Carotid artery tracing. 


Each notch = one second. 
Line of no pressure in carotid artery manometer. : 


Each notch = one second. 
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line of no pressure in carotid. 
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ON THE POLAR EFFECTS UPON NERVES OF WEAK 
INDUCTION CURRENTS. Bry HENRY SEWALL, 
_ Associate in Biology, Johns Hopkins University, Baltimore. 


More than a year ago I was engaged at Leipzig, in company with 
Prof. v. Kries, in studying the action of two successive submaxima 
stimuli upon each other in curarized muscle. 

The results then obtained appeared to the authors, at least, to. recom- 

mend the simplicity of the methods employed; and they were accordingly 
used. subsequently in a large number of experiments performed with a 
view to discovering the physiological interaction of rapidly succeeding 
stimuli applied indirectly to the muscle through its nerve. It was soon 
evident, however, that the method was quite inadequate to the task 
proposed, and that portion of the work was for a time abandoned ; but 
not until it was clear that the difficulty experienced was due to the 
specific action of the electrical currents upon the nerve. 
___ It is proposed in the present paper to consider the influence on the 
nerve of very weak induction currents passing through one pair of 
electrodes, as shown by their effect upon submaximal muscular con- 
tractions excited through a separate pair of electrodes. 

The records were taken by means of an elaborate form of pendulum 
myographion described in another place’. The recording lever was very 
light, and magnified the contractions some eight times. The weight hung 
upon the axis of the lever. The muscle used was the gastrocnemius of 
the frog with its attached nerve. The tissues were freed from blood 
before excision by a stream of 0°6 per cent. NaCl through the aorta. The 
experiments were made upon several different species of frog, and 
_ occupied the month of February and part of May. Two du Bois induc- 
tion coils, without the iron cores, placed at right angles to each other and 
several feet apart, supplied each a pair of electrodes upon which the 
nerve rested. The nerve was usually laid between two strips of moist 
filter paper upon platinum wires, which were stretched over an ebonite 


1) Journal of Physiology, Vol. m., p. 164. 
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block, and this was then covered to prevent evaporation. In this case 
no other moist chamber was used, and the muscle was simply inclosed 
by the skin. Occasionally the nerve was placed upon platinum wires — 
without being inclosed in moist paper. In such in’tances the electrode 
pairs had to be moved much nearer together than previously in order to 
obtain the results to be described. A modified form of the usual non- 
polarizable electrode was also employed, which has been found useful 
both in this and in general laboratory work. Four glass U) tubes were 
cemented, each by one limb, into holes bored into an ordinary micro- 
scope slide. Clay plugs filled the cemented limbs and the amalgamated 
zine wires dipped into the free ends of the tubes. With a little care the 
zinc sulphate solution was prevented from rising to the top of the clay. 
After the nerve was laid on the upper ends of the clay plugs, it was 
covered by a glass slide borne by narrow glass slips cemented along 
three sides, so as to cover in a little chamber which could be kept moist 
_ by salt solution containgd in a tube fastened into the lower slide. 

In the experiments, unless otherwise indicated, the two keys of the 
myographion were placed so as to be opened simultaneously by the swing 
of the pendulum. The shock from one induction apparatus was so far 
weakened that it just failed to call forth a contraction from the muscle, 
and was, therefore, for itself inefficient. The intensity of the stimulus 
from the second coil was regulated to excite a contraction varying from 
about one-tenth to three-fourths the height of a maximal contraction. 

When the two pairs of electrodes are pretty far apart on the nerve, 
one inch or more, the results from double stimulation are not at all 
regular. There is good evidence of an interaction of stimuli, however 
far separated on the nerve, but not in the sense to be considered below. 
The results in such cases are too irregular, and their causes too obscure, 
to be treated at present. 

When the electrode pairs are separated by a short distance on the 
nerve, resting within three-quarters of an inch of each other, the height of 
the contraction due to the single efficient stimulus is profoundly and 
regularly altered under the influence of the other stimulus, which is itself 
too weak to produce a contraction, when both are let simultaneously into . 
the nerve. This interaction is more pronounced the nearer the two pairs 
of wires are together. When the nerve is not covered by moistened 
paper, the inner or adjoining wires of the electrode pairs must be ap- 
proached to within one-fourth to one-eighth of an inch of each other. 
When the electrode pairs are moved farther and farther apart the con- 
stancy of the results of double stimulation gradually fails in an order 
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which has not. been studied; and, usually, when the inner wires are 
separated by an inch or more, the effects to be immediately described do 
not regularly appear 

‘The results dbiained under the conditions described may be 
conveniently arranged as below. 


I. When the upper stimulus, that farthest from the muscle, only is 
able by itself to produce a contraction ; the lower stimulus, that nearest — 
the muscle, taken alone being inefficient :— 


a. When the upper is descending and the lower descending, 
double stimulation gives a strong diminution of the single 
contraction obtained from the upper stimulus. 


_ b. When the upper is descending and the lower is ascending, 
double stimulation gives a strong increase in contraction 
over the single. 


c. When the upper is ascending and the lower ascending, 
_ double stimulation gives slighter increase over the single. 


d. When the upper is ascending and the lower descending, 
double stimulation gives diminution of the single. 


II. When the upper stimulus taken alone is inefficient to produce a 
contraction, the lower being by itself efficient :— 


a. When the upper is descending and the lower descending, 
double stimulation gives an increase over the single 
contraction. 


b. When the upper is descending and the lower ascending, 
double stimulation gives strong increase over the single. 


c. When the upper is ascending and the lower ascending, 
double stimulation gives strong diminution of the single 
contraction. 


d. When the upper is ascending and the lower descending, 
double stimulation gives a diminution of the single. 


Below is a table embodying the results of one experiment made in 
May, with the use of platinum electrodes whose inner wires were nearly 


one-third of an inch apart, the nerve resting on moist paper. The 
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Efficient. Inefficient. 
Double Stimulation 


Ascend- Descend- |Ascend-| Descend-}| 
ing. ing. ing. ing. 


3°5 
12 


12 
14 


It need hardly be pointed out that these results may be described as 
due to the polar influences of the inefficient stimulus. 

The fact indicated in the preceding, that the excitation developed at 
the kathode of the efficient stimulus is depressed in the neighbourhood of 
the anode of an adjoining pair of electrodes, and conversely, presents 
nothing essentially new ; but it is interesting to observe the results in 
eases 3 and 5 of the table, in which it is shown that not only does an 
increase in the intensity of an anodic area diminish an excitation wave 
passing through that area from a kathode above, but even when the 
exciting kathode is nearest the muscle the contraction caused by it is 
lessened when the intensity of the anodic phase higher up on the nerve 
is increased. It is seen at once that all these results follow the general 
conditions of what is known as the “ law of contraction.” 

In nearly all the experiments the two stimuli were let simultaneously 
into the nerve. When the myographion keys were so arranged that the 
two shocks succeeded each other at different time intervals, whatever the 
order of succession, the interaction of the two stimuli soutnally diminished 
with the increase of the interval and failed altogether when this was 
still very small—that is, about 0°001 second. Comparatively little 
attention was paid to this aspect of the work ; but there was in no case 
evidence of an oscillation of electrotonic condition at either pole of the 
reacting current, such as occurs after the cessation of a galvanic current 
in the nerve. 

It is not very clear what relation the two phenomena, the “ action 


of con- 
Ascond-' Descend-Ascend-|Descend| 
| ing. ing. ing. ing. 
a 
0 15°6 | Strong increase. 
0 0° »» diminution. 
10°5 0 Diminution. 
o | 4 | Strong increase. 
se 0 | 15 9°5 | Diminution. 
| 0 a 16° Increase. 
0 0° Strong diminution. 
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induction shock, bear to each other. The evidence’ goes to show that 
the two didtizes appear simultaneously on stimulation and progress 
with equal velocity. Hermann? is the only investigator, as far as I 
know, who has made a definite attempt to analyze the electrotonic phases 


of the induction current in this connection ; and any one reading this 


paper must be struck with the indissoluble character of the bond uniting - 
the purely electrotonic with the physiological excitatory changes set up 
in a nerve by electrical stimulation. Griinhagen’, starting from some 
results of Harless, in which the latter found that by the double stimu- 
lation of a nerve in two places he sometimes got an increase and at 
others a diminution of the contractions from the single stimuli, and 
working with constant currents, decides that two effective stimuli applied 
simultaneously to the extremities of a nerve summate; but if one 
stimulus be by itself ineffective, then in no case does it influence the 
effective stimulus. Griinhagen’s work, however, has little in common 
with that detailed above. Some of the experiments of Wundt* touch 
upon isolated points of the questions considered here. A_ short 
résumé of the results of work upon the interaction of electrical stimuli 
in nerve given by Hermann® may be of use to one who is not 
acquainted with the literature of the subject. 

It appears to the writer that a consideration of facts such as sone 
which have been detailed must affect to a great degree the physiological 
significance of all results which follow the very rapid succession of 
stimuli in nerve muscle preparations, and if this be true the adaptability 
of the electrical method to such experiments is extremely doubtful. 

Some interesting conclusions of Dew-Smith® from “ double nerve 
stimulation” have been kept in mind throughout this work. That 
author found, essentially, that when a nerve was simultaneously stimu- 
lated by submaximal induction shocks at two different points, the 
muscular contraction ensuing did not represent an addition of the 
contractions from the single stimuli, as might have been expected, but 
about equalled the contraction which was to be obtained from the lower 
single stimulus, that nearest the muscle, acting alone. He suggests as 


+ Helmholtz, Monatsbericht. d. Berlin. Akad., 1854, p. 329. Pfliger, Electrotonus, 
p. 442. Tschirjew du Bois’ Archiv, 1879, p. 525. 

* Hermann. Pfliger’s Archiv, Bd. xvut., p. 574. 

3 Zeitschr. f. Nat. Med., 3te Seite, xxv1., 1866. | 

*Wundt. Mechanik der Nerven. 

‘Hermann. Hdb. der Physiologie, Bd. 8. 109. 

6 Dew-Smith. Journ. of Anat, and Phys., Vol. vut., 1874, p. 74. 
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an explanation that the excitation-wave passing downward from the 
upper pair of electrodes is “ blocked” by the wave going upward from 
the lower electrodes and is thus practically annihilated. The suggestion 
was a valuable one as offering a possible clue to an explanation of the 
difficult question of physiological inhibition, and it seemed highly 
desirable to find the true meaning of the outcome of the experiments. 

_ These results, however, appear to be readily explained when. con- 
sidered as a special case of the phenomena whose general relations have 
been considered in this article. Let us consider the effects brought 
about in the contractions from double stimulation when the strength of 
one excitation is varied. When, for example, the lower stimulus is 
ascending and efficient, the upper being ascending and ineffi- 
cient, double stimulation gives a contraction smaller than that obtained 
from the lower stimulus alone. Let now the strength of the upper 
stimulus be gradually increased; there comes a point where the excita- 
tion from the kathode of the upper electrodes balances the depressing 
effect upon the lower stimulus of the upper anode, and, as far as I have 
observed, this point is reached when the single contractions are not far 
from equal. 

The resultant of the interaction of the two excitations depends, of 
course, altogether upon their relative strength and direction in the 
nerve. 
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NOTES ON THE TEMPERATURE OF HEAT-COAGULA- 
TION OF CERTAIN OF THE PROTEID SUBSTANCES 
OF THE BLOOD. By E. A. SCHAFER, F.RS. 7 


I. 


Ir blood-serum be saturated completely with sulphate of magnesia, the 
whole of the serum-globulin which it contains is precipitated, and may 
be separated by filtration’. The only proteid that is known to be 
present in any appreciable amount in the clear filtrate is serum-albumin. 
This substance it is well known coagulates when in solution at tempera- 
tures varying between 60° Co and 75° C., the coagulation at the lower 
temperatures (60° or thereabouts) being incomplete, and sufficient 
only to render the fluid opalescent. The variation is largely due 
moreover to varying reaction of the fluid, the more completely neutral, 
the lower the temperature of heat-coagulation ; the more alkaline, the 
higher. It is to be expected therefore that the serum-albumin in the 
clear filtrate above mentioned will, if gradually heated, begin to coagu- 
late at a temperature not lower than about 60° C., the complete coagula- 
tion of the albumin not occurring until a higher temperature is reached. 

It is stated however by Fredericq’, who seems first to have per- 
formed the experiment in the manner above indicated, that the serum- 
albumin (or serine) begins under the circumstances in question to 
become precipitated at a far lower temperature than would have been 
anticipated. Fredericq found that in serum saturated with magnesic 
sulphate and filtered, a considerable deposit frequently occurred at or a 
little above 40° C., and that as the temperature was gradually raised, 
fresh deposits occurred, until by the time 50° C. was reached, nearly the 
whole of the serine had been, precipitated®. 
| 1 Hammarsten. ‘‘ Ueber das Paraglobulin.’’ Pfliger’s Archiv, xvu., 1878. 

2 Fredericg. ‘‘ Recherches sur les substances albuminoides du sérum sanguin.’’ 
Arch. de Biologie, Vol. 1., 1880. 

8 Gulliver (Hewson’s Works, p. 28, note xvit.) found that the heat-coagulation 
point of horse serum was lowered by the addition of an excess of sulphate of soda, but not 


to anything like the temperatures mentioned by Fredericq; not, indeed, falling 
below 144° F. (62° C.). | | 
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In rehearsing the above experiment for demonstration to a class last 

winter, I obtained, as I at first thought, a result which seemed to coincide 
with that of Fredericq. The serum employed was from the horse, and 
it had been saturated with magnesic sulphate by gradual addition of the 
salt and thorough shaking of the vessel with the hand. Two portions of 
the clear filtrate, which was slightly alkaline, were taken, and one of 
them was immersed in water, and subjected to a gradually increasing 
temperature, which was constantly noted by aid of a thermometer 
dipping into the liquid, while the other portion was at once plunged 
into a water bath, which had been previously heated to 43°C. In the 
latter an immediate and apparently abundant flocculent precipitate was 
produced ; in the former, a slight turbidity was noticed at as low a 
temperature as 35°, and gradually increased to a flocculent precipitate as 
the temperature was raised to 40°. Both portions of liquid were then 
allowed to cool, and were filtered, and the filtrate having been again 
gradually heated remained clear smniil 70° C. was reached. The first pre- 
cipitate, which when collected was found to be only small in amount, 
was collected and found to dissolve in ~water with the aid of the 
adhering salts. Its solution was however precipitated by saturation 
with sulphate of magnesia. The precipitate obtained was therefore not 
serum-albumin, but serum-globulin; and this latter had not been 
entirely thrown down from the liquid employed. 
It is not to be supposed from this that Hammarsten’s statement as 
to the complete precipitation of serum-globulin by saturation of its solu- 
tion with sulphate of magnesia is incorrect. On the contrary, the next 
experiment which I made proved the correctness of it. For suspecting 
that the mere shaking of the vessel with the hand had not been sufficient 
to produce complete saturation, I added a quantity of the salt to what 
remained of the original filtrate, and placing it in a stoppered bottle, 
which it completely filled, I attached the bottle to an eccentric connected 
with a steam engine in the Engineering Laboratory, and in this way 
had the fluid shaken up with the salt for at least three hours. Examined 
at the end of that time it was decidedly turbid, and when a sample was 
filtered, and then gradually heated in the same way as before, no preci- 
pitate was produced until 65° C. was reached. At this temperature the 
previously clear fluid began to be cloudy: at 70° C. it was an almost 
solid white mass of coagulated albumin. 

Similar results to the last were obtained with the serum of the blood 
of other animals (ox, sheep, pig, cat). In all cases it was found that if 
care be taken to saturate the serum as completely as possible—and if it 
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be used in any quantity this can only be done by some such means as 
that which I employed'—coagulation was rarely obtained at any tem- 


_ perature below 60°, and never at the low temperature mentioned by 


Fredericgq, even if the saturated and filtered serum were previously 
most carefully neutralized with dilute acetic acid. 

Fredericq’s result, viz., the precipitation at a low temperature i in 
fluids which, as I think, had not been completely saturated with the 
salt, was best marked with horse serum (which he seems to have chiefly 
employed). With a sample of ox serum saturated by agitation of the 
vessel by the hand only, a very slight flocculent deposit occurred at 
55° C.; but when this was filtered off, and the temperature was again 
raised, no more precipitation appeared until a temperature of about 
75° C. was reached. Another sample of the same saturated and filtered 
serum which was similarly treated the next day gave no flocculent 
deposit at the lower temperature, but was precipitated, as before, at 
about 75° C.; and another, which had been carefully neutralized, and 
was kept for some minutes at 56° C., also gave no deposit. The coagu-— 
lation temperature in the latter was not further examined. The floccu- 
lent deposit which was obtained in the imperfectly saturated fluids was 
always soluble in water by aid of the adhering salts ; the white coagulum 


produced at the higher temperatures was, it is scarcely necessary to state, 


completely insoluble. 

It would appear, therefore, that serum-globulin is less soluble in 
warm serum nearly saturated with MgSO, than in the same solution in 
the cold. To test if this were the case with a purer solution, I took some 
serum-globulin (obtained by precipitation from horse’s blood and puri- 
fied by redissolving in water and reprecipitating it by MgSO, three times), 
and having dissolved it in weak solution of MgSQ,, added that salt to 
almost complete saturation (effecting the saturation as before by agitation 
with the hand). On filtering, and slowly warming some of the filtrate, 
a slight opalescence occurred at 56°. Another portion of the filtrate was 
then completely saturated with MgSO, ; a slight additional deposit became 
thereby produced corresponding, apparently, to the amount of precipitate 
produced in the former sample. The result of this experiment was not 
conclusive, for the temperature at which the deposit occurred was 
distinctly higher than that at which it usually occurs in — 
saturated serum. 


- 1 Hammarsten also insists upon the diffonlty of completely aheine serum with 
sulphate of magnesia, and upon the importance of arriving at complete saturation in a 
to obtain complete precipitation of the globulin. 
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Il. 


Blood-serum, which had been completely saturated with MgSO, and 
filtered from precipitated globulins, was then saturated with Na,SQ. 
The dense, sticky precipitate obtained was collected on a filter, and 
washed with water which had been saturated with both salts. The 
precipitate (serine) dissolved readily in water, some of the salts 
remaining adherent to it, and its solutions were not precipitated 
by saturation either with MgSO, or with Na,SQ, alone, although 
they were completely precipitated by saturation with both those salts. 
By re-solution and re-precipitation it can be purified to a great extent. 
Its solutions are coagulated at about 70° or upwards, but I have not 
_ determined the coagulation point with sufficient exactness with reference 
to the amount of salt present and the animal from which the serum has 
been taken—circumstances which probably cause considerable variation 
in the point of heat coagulation. Its solutions are not precipitated by 
prolonged dialysis. | 

After the removal by filtration of the above second precipitate (of 
serine, the first being the serum-globulin precipitated by saturation with 
MgSO, alone), the filtrate which collected below was a beautiful crystal- 
- clear fluid, of a bright yellow tint in serum from the horse, but perfectly 
colourless in serum from the cat. Some of this filtrate from serum of 
the cat was taken and heated gradually. It remained perfectly clear 
until a temperature of 85° C. was reached, when an opalescence was pro- 
duced, gradually increasing as the temperature was raised ; but it was 
only after boiling the fluid for a minute that a distinct coagulation was 
produced sufficient to cause the fluid to become thick. 

Another sample was subjected to prolonged dialysis in a sausage-tube 
dialyzer placed in a current of water, at first ordinary water but after- 
wards distilled water being used. No precipitate was thereby produced. 
After testing the fluid and finding that only the merest trace of sulphates 
remained, it was as before subjected to a gradually increasing tempera- 
ture. Now that the salts were removed it was found that the fluid might 
_ be boiled without the production of any precipitate. It may therefore be 
concluded that the proteid-residue which is left in serum after the pre- 
cipitation of serine by the double saturation with MgSO, and Na,SO, is 
albumin, but it is apparently not the same as the ordinary serum-albumin 
or serine. For it differs from this by its non-precipitability by the 
double saturation, or in other words in being soluble in the double 
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saturated solution (MgSQ, and Na,SO,) and, perhaps, in having a higher 
heat-coagulation point, although from experiments made under such 
varying circumstances this cannot be positively affirmed. 

With regard to the amount of this. proteid-residue all that can be at 
present stated is, that it is much less than that of the serine, and forms 
but a small proportion of the total proteids. 


IT, 
On the Temperature of Heat-Coagulation of Fibrinogen. 


The remarks that I have to offer on this point are chiefly historical, 
and are made with the view of urging a claim of priority for English 
physiologists. The important fact that the temperature of heat-coagulation 
of fibrinogen is as low as 56°C., so that by heating a fibrinogenous liquid 

to this point the whole of its fibrinogen is precipitated and its ferment- 


-coagulability permanently destroyed, is illustrated by the following 


interesting experiment which is generally ascribed to Fredericq :—If 
the jugular vein of a horse be tied below and above, and then carefully 
excised from the living or recently killed animal, it is well known that 
the included blood will remain uncoagulated for a considerable time, 
since it is in contact merely with the uninjured inner surface of the 
vein. If now the vein with its contents be heated to 56° a proteid 
substance (fibrinogen) separates out, and the blood is thereby rendered 
uncoagulable by ferment’. 

‘This experiment is not, howeyer, due to Fredericq, although he has 


the merit of its seilladoivery, and with the aid of the facts which have . 


been elucidated by modern research, has been able to point out its true 
significance. It was performed by Hewson i in almost exactly the same 
manner, as will be seen from the following extract ( Works, edited by 
Gulliver, p. 26): “ Besides being coagulated when exposed to the air, 
the coagulable lymph, as well as the serum, is known to be fixed by 
heat; but the degree of heat has not, so far as I know, been determined. 

It has been supposed to require a degree almost equal to that which 
coagulates the serum, but one much less is necessary, as will appear from 
the following experiments:—Experiment VII. Having found, from a 
number of trials, that blood kept fluid by means of true Glauber’s salt 
had its lymph coagulated by a heat of 125° of Fahrenheit’s thermo- 


1 Fredericg. Recherches sur la constitution du plasma sanguin. Gand, 1878, 
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meter (nearly 52° C.), I supposed that the degree necessary for fixing it 
in its natural state could not be very different from this. I therefore 
prepared a lamp furnace with a small vessel of water upon it: this water 
was heated to 125°; and then laying bare the jugular vein of a living 
dog, I tied it properly, cut a piece of it out, and put it into this water ; 
after eleven minutes, I took out the vein, opened it, and found the blood 
entirely coagulated : thence I concluded that 125° or less was sufficient 
to coagulate the blood of a dog. It may be necessary to observe here 
that the part coagulated was only the lymph; for the serum requires a 
much greater heat to fix it, that is, a heat of 160°.” 

Mr. Gulliver makes the following remark on the above experiment, 
having himself repeated and confirmed it with blood and liquor sanguinis 
kept fluid by salt :—“ It is true that in salted liquor sanguinis at 124°— 
127°, though a great part of the mixture remains fluid, a little curdy, 
flakey, filamentous and opaque precipitate forms, which is probably what 
Hewson describes in his Experiment VII. as coagulation ; though it 
differs from the spontaneous setting or jellying into a transparent mass 
of a mixture of salted liquor sanguinis and water” (p. 5, note I11., f). 

In narrating the repetition of He wson’s experiments, Mr. Gulliver 
is very explicit. Speaking of a mixture of liquor sanguinis and salt 
diluted with distilled water, he says :—“ From 124° to 127° its power 
of spontaneous coagulability is completely destroyed” (p. 6, note h). 
Further :—‘ Some liquor sanguinis skimmed from fluid blood, "and kept 
at a heat of 139° (about 59:5 C.) for twenty minutes never. coagulated és 
(p. 5, note c). 

Tt will be seen, therefore, that the temperature of heat-coagulation of 
fibrinogen (or the coagulable lymph, as it was then termed) was carefully 
ascertained by Hewson, both for salted blood and blood kept fluid in 
a living vein ; and the temperature which he obtained (nearly 52° C.) 
agrees with the lowest estimate of Hammarsten'. On the other hand, 
Hewson does not, in his description at least, distinguish between the 
coagulation produoed by heat and that occurring spontaneously, although 
it is probable that the difference of appearance did not escape so acute 
an observer. But it must be remembered that the important difference 
between the two processes to which the name of coagulation is given, 
and which we can now distinguish as heat-coagulation and ferment- 
coagulation, was not then recognized, and the same word was used 


| 


2 In one experiment Hewson obtained heat-coagulation at a temperature of 
120°5° F., but not below this. The difference may be due to the source from which 
the blood i is taken, ~ 


i 


j 
| 
} 
| 
| 
} 
| 
} 
| 
| 
| i 
| 
i 
| 
| | 


HEAT-COAGULATION OF PROTEIDS. 187 


indiscriminately for both. Gulliver, on the other hand, arrived 
much more closely at the understanding of the change produced in liquor 
sanguinis by a comparatively low temperature, affirming most positively 
the destruction of its coagulability, accompanied by an albuminous 
(proteid) deposit, at temperatures between 124 F. and 139° F, (51° C. 


and 59° C.). Had these experiments of Hewson and Gulliver been _ 


repeated and followed up it is probable we should not have had to wait 
until the present time to have arrived at a better knowledge of the sub- 
stance which was precipitated in their experiments, and which is now 
known as fibrinogen. 

In conclusion, I may state that I have two or three times had 
the opportunity of repeating the above experiment of Hewson and 
Fredericq upon the jugular vein (of the horse) with a result perfectly 
similar to that which is described by the last-named observer in his able 
essay upon the subject. For purposes of demonstration, however, I 
would suggest a modification which renders the result more striking :— 
Having excised the tied vein, let it be suspended for two or three hours 


in a cool, moist atmosphere by the ligature which is attached to its 
anterior end. By this time there will be a considerable stratum of clear 


plasma at the upper part of the suspended vein. Some of this is now 
drawn off into a pipette, and, without a moment’s delay, transferred to a 
test tube, which is immersed in a large beaker of water heated to 56°5 C°. 
A second portion is removed in the same way and placed in a test tube 
which is exposed to the ordinary atmospheric temperature. In the first 
test tube a sticky, flocculent precipitate of fibrinogen appears, and when 
this is filtered off the fluid is found to have lost its ferment-coagulability. 


In the second test tube the plasma speedily sets into a clear, or but 


slightly turbid, gelatinous clot. 
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ON THE EXISTENCE OF BACTERIA, OR THEIR ANTE- 
CEDENTS, IN HEALTHY TISSUES. By FREDERICK 
W. MOTT, M.B.C.S., ann V. HORSLEY, M.R.C.S. Pl. XI. 


A.tHouGH the determination of the existence of bacteria or their | 
“ germs’? in healthy living tissues is of fundamental importance in 
correctly appreciating the relation that these organisms bear to certain 
diseases, the evidence is not unanimous in deciding the question either 
affirmatively or negatively. It was in considering the theory on which 
the brilliant practice of antiseptic surgery is founded that we were 


struck by this variance of opinion on a point of such elementary import- 


ance, and were led to repeat some of the published experiments and 
introduce variations in the method of research. 

Of seven authors who have worked at this question, we find that five | 
(viz. Tiegel, Burdon-Sanderson, Béchamp, Nencki and 
Giacosa) conclude that bacteria or their germs do exist in healthy 
living tissues, while on the other hand, two papers written by Watson 
Cheyne, and by Chiene and Ewart, give results in the nega- 
tive direction (8, 7); and in the case where blood was investigated, 
the results obtained by Pasteur (11) are also negative. As regards 
the investigations of the observers first mentioned there is a striking 
concordance of results (confirmed throughout by our own experiments) 
not only as regards the kinds of bacteria found in the different tissues, 
but also in the range and distribution of bacteria in the body. The 
principle of the methods employed is throughout the same, viz., the 
removal of the tissue in a living state, placing it under conditions 
precluding the possibility of external contamination, and finding that 
the change of state has (under certain conditions) determined the 
appearance of bacteria. This result has been held to prove the existence 
of bacteria or their “spores” in living tissues, although the facts are 
equally explicable on the theory of a “bacterial degeneration ” of the 
tissue itself (Bastian) (9). 

Against these positive results we have the evidence of two sets of 
experiments, viz., those of Chiene and Ewart and of Watson 
Cheyne. These observers removed organs with antiseptic precautions, 
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and placed them either in carbolic gauze or cucumber infusion. The 
former of these methods has been found experimentally by Nencki and 
Giacosa (6) to be objectionable on account of the penetrating power _ 
of carbolic acid ; and the second of these methods is open to the same 
objection, since the beakers of cucumber infusion were exposed under 
a spray of carbolic acid. Moreover Cheyne’s control experiment does 
not necessarily contradict this opinion, for it is a well-known fact (which 
his other experiments confirm) that a less degree of carbolization is 
required to prevent the development of organisms than that needed to 
exterminate them when already present. 

We were not aware of the results obtained by Neneki and 
Giacosa (6) until some months after we had arranged our methods and 
commenced the present series of experiments. Thinking that possibly 
the difference of results obtained depended upon the methods of experi- 
mentation, we resolved to repeat the paraffin experiments of Tiegel (1) 
and Burdon-Sanderson (2), superadding antiseptic precautions, and 
to compare these with a parallel series in which the tissue was hermetically 


_ sealed in glass vessels with a minimal introduction therein of carbolic 


acid. The very possible fallacy due to carbolization was of course to 
be specially guarded against in obtaining blood, and by the method 
described below this objection was removed. The following method was 
used in removing tissues for investigation :— 


Method. 


In every case the animal was killed by inhalation of chloroform or 
ether ; immediately respiratory movements had ceased it was plunged into a 
large bath containing a 1 in 20 (5 per cent.) solution of carbolic acid, and the 
whole body was then thoroughly soaked with the same solution. The necessity 
of working in a pure atmosphere was provided for by turning on the spray for 
several minutes before the foregoing manipulation. Under the cloud of 
1 in 40 carbolic acid solution, the abdomen was rapidly opened and the vena 
cava inferior exposed. All instruments and ligatures were kept ina lin 20 
solution of carbolic acid. After blood had been taken in the manner described 


_ below, the renal vessels on both sides were ligatured and the organ treated as 


follows :— 


(a.) In repeating Tiegel and Sanderson’s experiments we used pure 
paraffin heated to 110°C. The organ was suspended in this by the ligature 
on the vessels. As soon as the surface layer had cooled, the ligature was 
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divided and fresh paraffin poured on to the depth of a centimetre or more. 
In this way the organ was kept in the centre of the wax mass, and all possible 
_ channels from the exterior blocked. 

(b.) The parallel series for comparing with the paraffin method was con- 
ducted as follows : closely-fitting stoppered wide-mouthed bottles (which if not 
new were thoroughly cleaned) were washed in 1 in 20 carbolic acid solution, and 
finally filled with the same solution. At the commencement of each experi- 
ment these bottles were emptied (in the spray) and the bottle then inverted 
in the bath of 1 in 20 carbolic acid solution. When the organ was removed 
it was rapidly placed in the bottle thus drained of carbolic acid, the stopper 
fitted and then sealed with boiling bottle wax, the whole operation being 
conducted under the spray. The vastus internus of the left side was then 
removed and treated in the same way. 

Of each series two preparations of the same tissue were rand, Of these 


one was placed in an incubator at 87-5° C., while the other was kept in 


a cupboard, the temperature of me rose from 8° ©. in December to 20° 
in July. 

Blood was obtained in the following way :—Pipettes of 3 or 4 cc. capacity 
were heated to redness throughout, and, being sealed while red-hot, a partial 
vacuum ‘was obtained. The upper end of the vena cava being secured by a 
clip, the wall of the vein was raised and slightly scratched with the knife : 
through the wall thus weakened the pipette was easily thrust, and the point 


‘being broken off within the vein, the partial vacuum was soon filled with 


blood, the pipette was then drawn out and sealedin thespray. By this means 
blood only (Tiegel used the ligatured heart) was obtained without the least 
admixture with carbolic acid. 


Objection has been urged by K och (8) against the paraffin method on 
the ground that as the wax cools, minute fissures appear in it and thus 
afford a possible entry to bacteria. This objection was proved to be 
merely theoretical from the following facts. In control experiments 
small organs were chosen and immersed in a large mass of paraffin heated 
to 150° C. When examined after incubation, the organs presented an 
opaque appearance; the tissue was evidently cooked through, and 
showed no trace of putrefaction or presence of bacteria. Moreover, 
in the paraffin preparations that were placed in the incubator, the 
putrefactive gases forced up the paraffin for a short distance, thus 
converting the cupped, cooled surface into a dome. The possibility of 
bacteria finding an entrance where gases could not effect an exit will 
scarcely be maintained. 

We have made 64 experiments, using 21 cats (of hia. five were 
pregnant), four rabbits and one dog. In 12 instances, among the earlier 
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experiments, we used other organs besides the kidney, viz., liver, spleen, 
and heart, obtaining similar results but keeping the main question in 


view, and not the localization of bacteria in the body. We chose the 


kidney as a typical organ in being the furthest removed from bacteria 
as regards the circulation, and the vastus internus was invariably 
employed for muscle. 

The importance of noting the influence of temperature as a factor in 
the development of organisms induced us to spread the experiments over 
a term of seven months. We have mentioned that two preparations 
were made in each experiment, and of these one was incubated and the 
other kept in a cool cupboard. 

The rapidity of development of organisms in tissue which was not 
incubated increased with the rise in temperature of the atmosphere, 
while in every case, with one exception (noted below), tissues subjected 
to incubation rapidly developed organisms. 

As regards the nature of the organisms formed, and their relations — 
to the two different tissues, our results agree axel with those of 
Tiegel, Burdon-Sanderson, Béchamp, and Nencki and 
Giacosa. Thus, coccus forms preceded rod forms, and further, while 
rods were found as the rule in the kidney, they were more rarely 
found in muscle, and never in the blood. Buta new point of interest 
was soon elucidated, viz., that the organisms differed widely in size and 
shape. Among the animals which were the subject of experiment 
this individual difference, however, was not extended into a generic 
difference ; the rods found in the rabbits did not differ less among 


_ themselves than the rodents’ bacteria differed from those found in 


the cats. 

- We do not propose, in the present unsatisfactory condition of 
the literature of the subject, to give more than an outline of the various 
forms observed. 

Two kinds of coccus (Fig. 2, Pl. XI.) were observed, and would cor- 
respond to Billroth’s micrococcus and megacoccus. All degrees and 
sizes of rods were found, the largest measuring ;,, in. in length, and the 
smallest not more than g in. in length. When jointed, the segments 
had no constant length in the same preparation; and in only 3 per 
cent. of the cases were rods seen in active motion. Multiplication 
by fission was evidently the rule, but in a few preparations we 
found series of forms tending to confirm Ewart’s (10). description 
of the development of rods from spores. Further, the relation of 
putridity to the development of organisms was found to be of uncertain 
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nature ; thus the presence of bacteria did not necessarily determine the 
existence of foul gases, though the organ possessed a peculiar odour.. 
In a few instances, especially in the case of muscle, this concurred 
with the existence of rod forms. | 

The naked-eye changes that the organs underwent were very 
instructive. The shining capsule or fascia soon lost its lustre, the 
yellow fat assuming a brownish tinge; later on, the small quantity 
of blood collected at the bottom of the bottle had broken down into 
a grayish-brown, grumous-looking fluid. The organ itself subse- 
quently became swollen and black, then gradually shrank, at the same 
time assuming a gray colour; and finally, if kept a sufficient length 
of time, it was conyerted into a yellowish caseons mass. 

The one exceptional instance in which no indubitable bacteria were 
found was that of a young cat. In the tissues examined were found 
bright particles which we did not feel justified in describing by a 
specific name, but which may have been a spore condition of some form 
or other. 

The idea of using foetuses as a means of carrying the test of the 
question to its furthest limit occurred to us early in the series, and 
we were able to make five experiments on this point. In every case 
bacteria appeared in the foetal tissues, and in every case the organisms 
were identical with those found in the maternal tissues. 


As examples of the results obtained in following the above-described 
methods, one or two details may not be out of place. Thus, in the paraffin 
series. 


Exp. 11. June 16, 1880.—Animal used, kitten. The organ (kidney) of 
either side was treated in the same way, viz., placed in the hot 
paraffin, then, while one a aso was incubated at 37°5° C., the 
other was put into a cup » the temperature of which was 
approaching 20° C. | 


Result : 


| Incubated. Not Incubated. 

Tissue broken down, soft and Putrid, showing numbers of rods 
pulpy. varying from to in 

Fluid swarming with short rods length, some of —a 

(bacterium termo of authors) dividing tra y. 

and micrococci. 


Exp. 12. June 16, 1880,—A control experiment.—Animal used, a kitten. 
The organ chosen was the liver, each half of which was placed in 
paraffin at 150° ©. On examination the tissue in both incubated and 
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somtimes preparations was found to be pale and dry throughout, 

the organ being p ly chosen small it was completely cooked, with, 

of course, as a t, the total absence of putrefactive changes and 

development of organisms. 

The following pa se fameeh From the bottle series will show the _ that 
proceeded in the three principal tissues from the same animal. 


Exp. 9. iit 26, 1880.—Animal, adult cat. 


| Incubated. Not Incubated. 
Tissue. Kidney. Organ very fetid and Although containing in- 
swarming with rods numerable rods (narrow) 
varying in length this preparation had no 
from soboin. to unpleasant odour. The 


varied in len 
from to ad00IN., 
and the diameter was 


In. 
Incubated. Not Incubated. 

Muscle. Soft and rotten. Nu- No unpleasant smell. 
merous rods similar to Numerous small 
those in the kidney (bacterium termo). 
(incubated prepara- 

tion). 
Blood. Clear and laky, other- 
wise unaltered. 


This e xpi shows very clearly the fact noted further on that the 
existence of organisms is not necessarily accompanied by the development 
of fetid gases, oo as the above and other oo ge to show, this 
latter change is apparently determined by the elevation of temperature. 
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EXPLANATION OF PLATE XL 


Fig. 1. Rabbit—Narrow rods of variable. length, from the kidney. 
x 400 diameters. 


Fig. 2. Rabbit.—Two forms of coccus found in the _ probably 
Billroth’s meso and micrococeus. x 750 diameters. 


Fig. 8. Cat.—Large group of rods from the kidney. x 400 diameters. 


Fig. 4. Cat,— reparation of muscle (incubated) showing all the 


_ Big. 5. Foetus (cat)—Chains of micrococci from the liver. * 400 
diameters. 


Fig. 6. ‘Foetus (cat).—Rod forms from the liver. x 750 diameters. 


The objects were drawn at a distance of 9 in. from the eye, and the 
Pe employed were, as a rule, Ha tnack’s Oc. No. 3, and Objs. 
og. 8 and 10 min. 
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REGARDING THE ACTION OF HYDRATE OF SODA, 
HYDRATE OF AMMONIA, AND HYDRATE OF 
POTASH ON THE VENTRICLE OF THE. FROG’S 
HEART. By SYDNEY RINGER, M.D., Professor of 
Medicine at University College, London. Pi. XII., XIII. 3 


In No. 1, Vol. IIL, of the JournaL or Puystotogy Dr. Gaskell 
records some experiments regarding the respective action of antiarin, 
hydrate of soda, muscarin, and digitalin on the ventricle of the frog’s 
heart. 3 

In this paper I record some experiments on the action of soda, 
ammonia, and potash on the same structure. In most respects my 
experiments with soda hydrate agree with those of Dr. Gaskell; in 
some respects, however, my tracings differ from his tracings. These 
experiments were made with Roy’s tonometer. I tied the ventricle to 
the cannula by a ligature passed round the auriculo-ventricular groove, 
so that I experimented only with the ventricle. | 

I used dried bullock’s blood dissolved in water so as to represent 
normal blood ; to this solution I added saline solution in the proportion 
of one part of blood to two of saline. Of this mixture I employed 
three ounces in each experiment. 

These experiments were made in June. 

The tracings run from left to right. 

I find that soda, ammonia, and potash affect the ventricle in much 
the same way. There are, however, differences in their action. I shall 
first describe the characters in which they all agree, and then point out 
in what respect the action of potash differs from the action of soda and 
ammonia. 

Ammonia. 


The general effect of all these substances is indicated in Fig. 1, 
Pl. XII., which shows the modifications produced by ammonia. The 
solution ‘added to the blood contained 1 per cent. of strong liquor 
ammonia’. 


_ 1 Ladded a few drops of the 1 per cent. solution (soda or ammonia or potash) from 
time to time to the three ounces of blood. ‘The quantity of the salt used is given with 
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Ammonia (see B) prolongs each contraction, and the summit of each 
rise becomes rounder; at the same time, during each diastole, the trace 
rises a little, but after each rhythmic contraction falls again to its old 
level as regards the base-line. If the rhythmic contractions cease for a 
time, the trace then rises as before and becomes undulating (see a). 
An inspection of the heart explains this undulating line. After the last 
rhythmic contraction the ventricle slowly lessens in size, and then 
rather more suddenly dilates, first at the apex, and then the dilatation 
extends to the base, or the dilatation begins at the base and extends to 


the apex; then the ventricle again slowly retracts and again dilates, 


and so on. After a larger dose of ammonia (see C, D and BE) the 
rise in the trace during diastole becomes still more evident, and may, 
indeed, become so great that the ventricle shrinks almost to the dimen- 
sions it assumes at the termination of a rhythmic contraction. During 
a long diastolic pause the undulations in the trace become much more 
marked. Under the influence of a still larger dose the undulations dis- 
appear; the trace slowly rises after the dilatation, following a rhythmic 
contraction, and then continues at the same height during the remainder | 
of the diastolic pause. After each rhythmic contraction the ventricle 
dilates to a far greater degree than immediately before the contraction. 
Under larger and larger doses the diastolic dilatation after euch 
rhythmic contraction becomes less and less, until finally the diastolic 
dilatation (see E) fades away, and the trace becomes a slightly wavy 
line. 

Fig. 2 shows the production of some further effects when ammonia 
is added in larger doses. In this trace there are no long diastolic pauses. 
This trace shows that with frequent ventridle beats, there is no diastolic 
contraction of the ventricle, as seen in Fig. 1, there being no time 
allowed for this diastolic retraction. But the effect of ammonia is 
shown in a lessened expansion of the ventricle in each diastolic dila- 
tation. 

After a large dose of ammonia (see C and D), the amplitude of the 
trace varies from time to time; at one time very small, it then grows 
gradually larger and again diminishes, and so on: the increase in the size 
of the trace is due entirely to an increase in the diastolic dilatation, this 
varying from time to time. 

These variations in the size of the rhythmic contractions correspond to 
the undulations seen in Fig. 1 (B, a. C, b) during a prolonged diastolic 


pause. The undulating trace during a prolonged diastolic pause of 


course indicates corresponding changes in the size of the ventricle, 
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quite distinct from rhythmic contractions. When the undulation is at 
its highest, it shows that the ventricle is more contracted, and when the 
wave dips again, it shows that the ventricle is somewhat more relaxed. 
This change in the ventricle I hope to show is a true muscular contraction, 
a prolonged but varying spasm. This persistent but varying spasm, 
induced by ammonia, explains Fig. 2, C and D, where there occurs a 
series of rhythmic contractions, gradually increasing in amplitude and 
then diminishing again. 

When the persistent spasm is most marked, the diastolic dilatation 
following each rhythmic contraction grows Lees and the trace becomes 
small. When the persistent spasm grows less, then the diastolic 
dilatation following each rhythmic contraction increases, and the ampli- 
tude of the trace becomes greater, and so the amplitude of the trace 
grows from time to time larger, and then again grows less. When 
the slow persistent contraction induced by the alkali is least marked, 
the diastolic dilatation after each rhythmic contraction becomes greater, 
and the subsequent rise in the next rhythmic trace is increased, but 
when the persistent contraction from the alkali increases again, then the 
diastolic dilatation after each rhythmic contraction is lessened, and the 
rhythmic trace is much diminished. Indeed, the trace given in the 
above diagram corresponds in character to the trace recorded in Fig. 1. 
Indeed, C and D, in Fig. 2, correspond to Ba, Cb, Da, in Fig. 1, only 
in Fig. 2, whilst changes occur corresponding to those in Fig. 1, the 
rhythmic contractions continue. 

After all rhythmic contractions have ceased, the trace gradually falls 
and attains the position in regard to the base-line it held before the 


- ammonia was administered. 


To what is this slow, persistent, varying contraction, occurring in 


— long, diastolic pauses, due ? 


Is it due to a mere physical change which causes a shrinking in the 
ventricle, or is the contraction vital, and, indeed, a form of muscular 
contraction ? 

I hope to show that the slow diastolic contraction is vital—is a true 
muscular contraction :— 

Ist. These substances, hydrate of potash, hydrate of soda, and hydrate 
of ammonia, produce no such effect on the dead ventricle. 

2nd. If the contraction were a mere physical change, the trace should 
remain at the same level during the whole diastole. 

The great fall of the trace after a rhythmic contraction might possibly 
be explained on the supposition that, on the sudden relaxation of the 

PH. III. 14 
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ventricle, the rush of blood into the ventricle dilates it considerably, 
owing to some increase in its elasticity induced by the alkalies, to be 
followed by slow retraction of the ventricle. 

This explanation, however, is not feasible, since (see Fig. 1, E aa) 
after a rhythmic contraction a marked fall occurs, when so slight has 


been the rhythmic contraction that its relaxation would not admit of 


sufficient blood to distend the ventricle. When the rhythmic contraction 
relaxes it causes, likewise, relaxation of the persistent spasm induced by 
the alkali. 

Further, in a long diastolic pause the trace undulates (see Fig. 1, 
C b, D, Fig. 4, B), and on examining the ventricle, one sees that it 
slowly dilates, first at the apex or base, and then the dilatation extends 
to the rest of its walls; finally the whole of it again slowly contracts, 
to again relax, so that the condition of the ventricle during diastole is 
seen to be a true muscular contraction, and not a mere physical phe- 
nomenon. 

The alkali evidently induces a persistent contraction or spasm in the 


muscular structure of the ventricle, but this contraction slowly remits, | 


and so gives rise to an undulating trace under a small dose. After a 
rhythmic contraction this spasm completely relaxes, so that the trace 
falls to its original position to the base-line; after a larger dose the 


_ spasm relaxes to a less and less degree, so that after each rhythmic con- 


traction the fall grows less and less. (See Fig. 1, Eb.) 

If it should prove that a tonus exists in the mueie substance of 
the heart, I suggest that the spasm induced by these alkalies is an 
increase of this tonicity ; but as this spasm can be induced in the apex 
of the ventricle, a part free from nerves, so it follows that the ania 
must be independent of nervous agency. 

Dr. Chas. Richet (Lancet, May 21, 1881) argues that miabneines 
is only an exaggerated tonicity of the muscles, and if so, this condition 
induced in the ventricle may be compared to contracture. 


Hydrate of Soda. 


Hydrate of soda affects the ventricle just like ammonia, as Trace 3 
shows. 


Hydrate Potash. 


Hydrate of soda and hydrate of ammonia induce a spasmodic con- 
traction in the muscular tissue of the heart, and after still larger doses 
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all muscular contractility, rhythmic and*spasmodic, ceases, and the heart 
dilates again, the trace falling towards the base-line till it reaches the 
same position it held before the addition of the alkali. In other words, 
soda and ammonia at first induce spasm and later weaken and paralyze 
muscular contractility. 

Potash, also, induces spasm followed by paralysis. The paralytic 
action, however, becomes much sooner apparent. Shortly after the 
trace becomes modified the heart fails to contract completely with each 
rhythmic contraction, and, consequently, the trace does not rise so high 
as before the addition of the potash. 

Potash is, indeed, a far more powerful paralyser than either soda or 
ammonia. The effects of hydrate of potash are well seen in Figs, 4 
and 5. 

A small quantity of potash, like soda and ammonia, prolongs each 
contraction and makes its summit rounder (see Fig. 5,.B). As soon, 
however, as the potash induces the spasmodic condition, the rhythmic 
contractions lessen in height and become pointed once more (see Fig. 
5, ©). Indeed, the ventricle can be seen to empty itself much less 
completely. In some instances the beats become very ieee in 
force. 

When the ventricle in Roy’s tonometer is stimulated by the con- 
tinuous application of faradization, it gives a trace very similar toa 
tetanus curve of the skeletal muscles when the excitations are not very 
numerous. The ventricular trace, however, differs from a true tetanus 
trace in this respect. In a tetanus trace the contractions are as numerous 
as the excitations, or in other words, as the breaks in the current, but it 
_is not so with the ventricle. I used a Du Bois Reymond’s induction 
coil, and the interruptions were very frequent, far more frequent than the 
ventricular contractions’. 

Soda and ammonia increase the readiness with which this condition 
can be induced, as is seen in Figs. 6 and 7, Pl. XIII., where I give, 
first the effect of taradization alone, and then of faradization after the 
heart has been drugged with a solution of hydrate of soda. 

These tracings show that soda and ammonia greatly enhance the 
effects of faradization. In other words, soda and ammonia increase the 
irritability of the ventricle. 

This increased irritability persists even when the ventricle has grown 
very weak, almost to the point of stopping, for even then, as seen in 


1 In the charts, the line above the trace indicates the time the faradization was con- 
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Fig. 6 F, Fig. 7 F, the ventricle when faradized gives a tetanus-like 
trace, though the point to which it rises above the base-line is only a 
little higher than that reached in a spontaneous rhythmic contraction, 
and far less high than before the addition of either alkali. The heart, 
though weak, is made irritable by the alkali. The alkali induces a con- 
dition similar to that occurring in disease in the nervous and musculat 
tissues, and termed, by the old writers, irritable weakness. 

Prolonged faradization of course weakens the ventricle, and so the 
persistent spasm becomes weakened as well as the rhythmic contractions ; 
hence, after prolonged faradization the trace sinks nearer the base-line, 
and as the heart recovers from the weakening effect of faradization, the 
trace again gradually rises higher and higher above the base-line. This 
effect of faradization on the trace favours the suggestion that the diastolic 
rise after ammonia or soda is due to muscular contraction, and not to a 
mere non-vital physical change. 

Prolonged faradization affects a heart poisoned by potash differently 
from a heart poisoned by either soda or ammonia. 


With some hearts there occur after potash for a short time a similar 


effect to that induced by the other alkalies ; that is to say, the ventricle 
is more irritable, and the trace remains raised longer than before the 
addition of potash. Soon, however, when the effects of potash become 
marked, and when diastolic contraction is induced, potash has the opposite 
effect, and the ventricular irritability is diminished, and continuous 
faradization weakens the ventricle, and the trace sooner falls towards the 
base-line than before the potash was added. A little later the faradization 
arrests all contractions whilst it is continued, but these return when the 
faradization is discontinued. (See Fig. 8, C D.) 

In other cases the heart at once, after potash, grows less influenced 
by faradization, and in a short time the contractions are arrested by 
 faradization. 


EXPLANATION OF PLATES. 


Puate XII. 


Fig. 1.—Ammonia.—A. Before the addition of ammonia to the blood. 


B. After the addition to the blood of successive doses 
of 0'1 c. c. of the 1 p. c. ammonia solution repeated 


seven times. 
©. After 1°4 c. c. of the solution. 
D. ” 


E. , 88 
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Fig, 2.—Ammonia.—A. Before the addition of the ammonia solution. 
B. After the addition of 0°8c. c. of the ammonia solution. 


C. 1°8 ” 
D. 3°0 
E. 2'2 c. c. of the ammonia solution 


82 minutes after the first dose of ammonia. 


Fig. 3.—Soda.—A. Before the addition of 1 p. c. soda solution. 
B. After the addition of 1°2 c. c. of the soda solution. 


C, 2°0 
D. 
B. all) , 
» ¢.¢. of the soda solution. 


All contractions then ceased and the heart gradually dilated, the curve 
falling until it ultimately touched the base line. 


is 4.—Potash.—A. Before the addition of potash. 


B, After the addition of 1:0 c. c. of the 1 p.c. potash 
solution. 


©. The effect of additional doses of the potash solution. 


Fig. 5.—Potash—A. Before the addition of the potash solution. 
B. After the addition of 2°5 c. c. of the potash solution. 
C, D. Effects of additional doses of the potash solution, 


PLATE XIII. 


‘ig. 6.—Soda.~-a, 8, y. Before the addition of the soda-solution, effect of. 
faradization of ventricle. 


The lines above the curve indicate the duration of the faradization, the 
numbers above the line the distance between the secondary and primary coils, 
i.e., the relative intensity of the current. 


A. After the addition of 2°0 c. c. of the soda solution. 
B. 3°0 c. c. of the soda solution ; 
14 minutes after the first dose of soda. 


No more of the soda solution was added to the blood, but the following 
tracings were taken at intervals. 


©. Eight minutes after the first dose of soda. 

D. About 27 minutes after the first dose of soda. 
” 
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Fig. 7. —Ammonia—A, B. After the addition of small doses of the ammonia 
solution. 


C. After the addition of 1 3 C. C. of the ammonia solution 
- in successive doses ; tracing taken about 11 minutes 
after the first dose of ammonia. 


D, E. Additional doses of ammonia. 


F, After 8°2 c. c. of ammonia solution ; 36 minutes after 
the first dose. 


G. At a still later period. 


Fig. 8.—Potash.—A. Before the addition of the 1 p. c. potash solution. 


B, After the addition of the 1 p. c. potash solution in 
successive doses, 8°0 c. c. in all. 


C. After the addition of 3°8 c. c. in all. 


D. Tracing taken from another heart after the addition 
of 50 minims of the potash solution. 
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THE PHYSIOLOGY AND PATHOLOGY OF THE SPLEEN. 
(First communication.) By CHARLES 8. ROY, M.D., Professor- 
Superintendent of the Brown Institution, Pl. XIV., XV., XVI. 


(From the Oambridge Physiological Laboratory.) 


Ir is fully recognized by. physiologists that, under normal conditions, 
there is a certain relation between the degree of functional activity of an 
organ or tissue and the degree of expansion of its blood vessels. It was 
only, however, after making a. long series of observations upon this 
subject in the case of the kidney, comparing the activity with which the 
renal circulation is being carried on with the rapidity of secretion of the 
urine, that I learned how surprisingly closely these two phenomena 
correspond. The method employed in these kidney experiments (which 
are not yet published) permitted of even excessively slight changes in the 
calibre of the renal vessels—as expressed by the changes in volume of 
the whole organ—being recorded graphically, while, at the same time and 
on the same paper, the number of drops of urine was also recorded, each 
drop of urine, which fell from a narrow cannula tied in the ureter, closing 
for an instant an electric current which flowed through the bobbins of 
an electro-magnetic signal. These observations showed that an 
excessively minute change in the rapidity of the urinary secretion—that 
an increase, for example, in the rapidity of the flow of urine, such as 
could barely be discovered by this exact method of counting the drops, 
was invariably accompanied by an increase in the calibre of the renal 
vessels, causing a very evident rise in the jine which represented the 
volume of the kidney. In other words—paradoxical as it may appear— 
it was found that the rapidity of the flow of urine could be followed 
indirectly, by observing the changes in the calibre of the blood vessels of 
the kidney, with very much greater convenience than could be done 
directly by counting the number of drops of urine which escaped from 
a cannula tied in the ureter. 

This fact naturally suggested to me that a study of the changes in the 
circulation through an organ or tissue (a matter which, in the case of 
many organs, presents but little difficulty) offers to us a method, from 


’ From observations made while the author held the post of George Henry Lewes Student. 
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which much may be expected, of obtaining information regarding the 
fanctions of certain organs. 

Even in the case of the kidney, where the study of the changes in 
quantity and quality of the urine presents to us so convenient a means 
of investigating the functions of the organ, the indirect method of 
inquiry referred to above is fitted, according to my experience, to teach 
us much regarding the mechanism of the renal secretion and the relation 
which the kidney bears to the rest of the body. But very much more is 
a priori to be expected from the employment of this indirect method 
of investigation when it is applied in the case of organs whose functions 
cannot be studied by any direct method with which we are as yet 
acquainted—by any method directed towards the investigation of varia- 
tions in the results of the functional activity of the organ. The spleen, 
it need scarcely be said, is a typical example of an organ of this latter kind, 
and it is, moreover, especially well situated, owing to its very complete 
mechanical isolation, for permitting the changes in its circulation being 
conveniently studied by the method which I made use of for this purpose. 

This method is identical in principle with that which I had already 
used for the kidney’ as well as with that which I have since employed, 
amongst other organs, for the intestine and foot of the dog, cat, or 
rabbit. It consists in inclosing the spleen (or other suitable organ 
of the living animal) in a rigid metal box, of appropriate shape, and 
of such a construction that, while no hindrance is offered to the entrance 
and exit of blood by the splenic arteries and veins, any change in the 
volume of the organ causes a rise or fall, corresponding in extent, of 
a recording lever writing upon the moving paper of the kymogra- 
phion. ‘The spleen, as already remarked, offers exceptional facilities for 
the employment of a method of this kind, seeing that, having once 
exposed the organ by cutting through the abdominal walls, no further 
dissection is required to isolate the organ, such as, for example, is 
required in the case of the kidney or intestine. 

In the present communication I propose to confine myself chiefly to 
the characteristics of the normal splenic circulation and to the vasomotor 
mechanism of the organ. The effect upon the splenic circulation which 
is produced by the injection of various chemical substances into the 
blood, as well as the more important question of the bearing of these 
observations upon our knowledge of the function of the spleen, I prefer 
to leave for consideration in my next communication upon this subject. 


' The first series of these experiments on the renal circulation was made in conjunc- 
tion with Prof. Cohn heim. | 
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EMPLovED. 


In all cases the arterial blood-pressure was recorded on the same 
paper as the changes in volume of the spleen. Unless this be done 
the most serious errors may be made in drawing conclusions regarding 
the nature of various changes in volume of the organ. For recording 
the changes in volume of the spleen two separate instruments were 
employed, one inclosing the organ, and the other (which I have been in 
the habit of employing for similar investigations on other organs) for 
recording graphically the changes in its volume. As the description of 
neither of these apparatus has yet been published, I must here refer briefly 
to their construction. The diagrams 1 and 2 of Pl. XIV. are intended 
to illustrate that form of the spleen box! which, after one or two other 
arrangements had been tried, was found most convenient. It consists 
of an elongated sheet-metal box composed of two symmetrical halves, 
which are joined together by a couple of hinges. Each of these halves 
is composed of an outer and an inner shell, the latter of which fits 
accurately into the former, and the two being capable of being firmly 
screwed to one another by means of the screws seen at the upper and 
lower rounded edges of the box. Between the two shells is clamped 
the edge of a thin flexible membrane of a kind which I have already 
had oceasion to refer to repeatedly. Suffice it to say here that it is 
prepared from the peritoneum of the calf, and that, when moistened 
with water, it is as flexible and delicate as the living peritoneal mem- 
brane. The following is the method which I have usually employed 
in fastening it in the instrument in question. 

The inner shell of one half of the box having been removed, its 
outside is smeared with thick caoutchouc varnish, and a piece of 
membrane of appropriate size, having been moistened with water, is laid 
over its hollowed aspect so as to form with the metal shell a closed 
cavity. By gently sucking the air out of this cavity the membrane is 
made to apply itself smoothly to the inside of the shell, after which the 
edges of the membrane are turned over and applied to the outside of the 


1 For convenience of description I have been recommended to give a name to this 
form of instrument, and will, therefore, refer to it under the name of Oncometer, from the 
Greek word Onkos, bulk. The recording instrument, which is used along with it and with 
other instruments of a similar kind, I will refer to in the text as Oncograph. Both of 
these instruments may be obtained from the Cambridge Scientific Instrument Company, 
18, Panton Street, Cambridge. 

* This journal, Vol. 1., p. 454, and Vol. 11., p. 325, as well as elsewhere. 
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metal shell, which is then replaced in the outer shell, and tightly screwed 
to it. In this way an air-tight chamber is formed which is bounded on 
the one side by the flaccid membrane, and on the other by the metal 
wall of the box, as indicated by the dotted lines in the sectional diagram, 
Fig. 2. Pl. XIV. This process of applying the membrane is repeated 
with the other half of the box. Into each of the two chambers thus 
formed there are two openings, one pair of which are connected, as shown 
in Fig, 2, with a T tube, and thereby with the recording instrument. The 
other two openings, placed at the end of the box, are fitted with small 
taps, as shown in Fig. 1, and are simply intended to allow of the air 
escaping when the chambers are filled with oil after the spleen has been 
introduced into the box. At the point of junction of the two halves of 
the box on the side opposite to the hinges is a narrow slit formed by a 
long indent in the edges of the two halves, which slit is intended to 
permit of the passage of the splenic vessels.. 

It can easily be seen how the two membranes will dispose themselves 
when the elongated spleen of a dog or cat is placed in the box with its 
mesentery lying in the slit, when oil is introduced into the two chambers 
of the instrument. This is indicated by the sectional diagram, Fig. — 
2, Pl. XIV., in which the membranes are represented in the position 
they occupy when the instrument is in use, viz., closely applied to the 
surface of the organ. In this diagram the spleen is seen in section as a, 
the splenic vessels as b, while the membrane is represented as c. It 
need scarcely be added that any increase in the volurne of the organ will 
force out a quantity of the oil from the two chambers through the 
openings which connect them with the recording instrament, and that, 
the other openings into the box being closed, any contraction of the 
organ will admit of more oil entering the interior of the instrument. 

The recording instrument, the oncograph, which is in communi- 
cation, by a flexible tube (made up of pieces of glass tube joined by short 
bits of india-rubber tubing), with the interior of the two chambers of the 
spleen box, is represented in the diagram, Fig. 3, Pl. XIV., which shows — 
it in section and half the natural size. The light vulcanite piston, D, 
which is connected with the recording lever by means of the steel needle, 
G (which latter passes through the two guides, F, I", and is jointed 
as shown in the figure), floats on the surface of the oil contained in the 
cavity M, any escape of the oil by the side of the piston being prevented 
by a membrane, seen in section as E, of the same kind as that already 
referred to in describing the spleen box. The membrane is clamped 
tightly by the screw, C, between two flat ring-shaped surfaces at N, and 
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is so arranged that, within the limits required, it does not interfere in 
the least with the movements of the piston. The advantage which is 
offered by an arrangement of this kind is, that while both exceedingly 
slight or very considerable changes in the volume of the spleen or other 
organ can be recorded with it, no change is produced in the pressure 
of the fluid which is contained in the oncometer, and which jampeuceseue } 
the organ whose volume is being recorded. 

One practical difficulty in connection with experiments of this kind 
consists in the fact that the spleen of animals, even of the same species, 
varies in size to a very considerable degree in different individuals. It 
is well, therefore, to have spleen boxes of two or more sizes ready for use. 
It shold be added that, having once arranged the membranes of the 
spleen box for an experiment, it may be used daily for weeks or months 
without its being necessary to apply fresh membranes, provided that the 
instrument be well washed with water and a few drops of glycerine be 
placed on the membranes before it is put aside at night. 

Finally, a word may be added regarding the method of making the 
experiment. The animal having been anesthetized by chloroform, 
ether, morphia, or a combination of two of these, a cannula is fixed in 
the jugular or facial vein in order to be able to inject any substance 
desired into the blood, and at the same time a glass cannula is fastened 
in the carotid artery. An oblique incision running downwards and 
outwards is then made in the skin of the left hypochondrium, the length 
of the incision depending upon the expected size of the spleen. The 
abdominal muscles are then separated layer by layer, any vessels which 
show themselves being double ligatured and cut between the ligatures. 
The spleen having been exposed is gently introduced into the box, which 
has previously been warmed to the temperature of the body by immersion 
in tepid water. The two chambers of the instrument are then filled with 
warm olive oil, which also fills the tube connecting the box with the 
recording instrument. Finally, the carotid cannula is fastened to the 
leaden tube of the kymograph and the observation can be commenced. 

In many experiments the spleen box was simply allowed to lie upon 
the front of the abdomen; in those cases, however, where it could not 
be so placed without causing some twisting or stretching of the splenic 
vessels contained in the mesentery, the box was suspended by string 
from an appropriate holder. In a certain number of instances in which the 
involuntary muscular movements of the animal interfered with the 
observation of the volume of the spleen, curare was employed in addition 
to an anesthetic agent. In these latter experiments I was fortunate 
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enough to have placed at my disposal one of Mr, H, Darwin’s artificial 
respiration instruments, the perfect action of which greatly lightens the 
difficulties of making such experiments, seeing that the artificial 
respiration is carried on with the regularity of clockwork, while the 
degree to which the natural respiration is copied is infinitely greater 
than is the case with any instrument of the kind with which I am 
acquainted. 


I. The ‘Normal Splenic Circulation. 


All the observations which I have as yet been able to make by the 
above described method concur in showing that the splenic circulation 
differs in one fundamental particular from that of other organs. 

In the case of the kidney, for example, the volume of the organ 
remains, ceteris paribus, practically constant, with exception of those 
comparatively slight expansions and contractions which are produced by 
the pulse and respiration waves in the arteries distending mechani- 
cally the walls of the renal vessels. And this appears to be the case, 
under normal conditions, with all other organs and tissues of the body. 
In the spleen, on the other hand, we have to do with an entirely different 
state of things. It is rare to find that the volume of this organ remains 
fairly constant for even a very short period of time; it is continuously 
expanding and contracting with a rhythm which, in so far as the element 
of time is concerned, is remarkably constant. This rhythmic contraction 
and expansion of the spleen is found in all the three different species of 
animals which I have employed for these experiments, viz., the dog, 
the cat, and rabbit. 

The tracing which is reproduced (natural size) in Fig. 4, Pl. XV., 
obtained from a rather small-sized dog, will illustrate the characteristics 
of this rhythmic contraction and expansion of the organ in question 
better than can be done by a mere verbal description. 

In this tracing the upper line, describing large waves, is the splenic 
curve, each ascent of the line corresponding to an increase, and each 
descent of the curve to a diminution, of the volume of the spleen. The 
curve beneath this is that of the arterial blood pressure from the carotid 
artery. The lowest line of the tracing gives the time, the interruptions 
of the marker recurring at intervals of one second. The vertical lines 
a and b give the relative positions of the lever-point of the oncograph 
and of the point of the recording style of the kymograph respectively. 
From this tracing it can be seen that both the systole and the diastole 
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of the spleen are gradual, and that, in this particular instance, the time 
which elapsed from the commencement of the splenic systole to the end 
of the succeeding diastole, or in other words, the time corresponding to 
the distance from apex to apex of the waves described by the lever-point 
of the oncograph is about 62 or 63 seconds. A closer examination of the 

tracing shows also that the duration of the systole of the organ is some- 
what less than that of the diastole. 

With the recording instrument “ set” as it was while this experiment 
was being made, an increase in ah volume of the organ by 2 c.c. 
caused the lever-point to rise 10 mm.’; so that, since the lever-point in 
this tracing falls and rises about 25 mm. with each contraction and 
expansion of the spleen, we know that the changes in volume of the organ 
which were thus produced were equivalent to about 5 c.c. The spleen 
of this animal was found after death to weigh 27 grammes, so that, at 
the time when the tracing was taken, each- splenic systole caused a 
diminution in the volume of the organ equivalent to about 184 per cent. 
(where no correction for specific gravity of the spleen i is made) of its 
volume after death. 

This tracing may be taken as fairly representative of the character- 
istics of the rhythmic changes in volume which the spleen is found to 
undergo. As might naturally be anticipated, however, the splenic 
contractions and expansions are subject to various more or less striking 
modifications. These differences appear, in most cases, to express simply 
the normal physiological reaction of the mechanism by which this splenic 
systole and diastole is regulated and maintained, seeing that they usually 
correspond to more or less evident changes in the conditions which either 
occur spontaneously or have been produced intentionally at different 
periods of the experiment. 

We find, for example, that the rapidity of the splenic iv tins is 
subject to sbatiges within certain very narrow limits. The extent of the 
contractions, or, in other words, the quantity of blood which is forced out 
at each systole of the organ, is, for any given individual, also subject to 
modification, and the differences in this respect which are produced by 
some change in the conditions of the experiment may be very consider- 
able. It is found, moreover, that this rhythmic contraction and 
expansion of the spleen is subject to certain forms of irregularity, both 
as regards the time occupied by each successive systole and diastole, as 
well as in so far as the amount of blood forced out of the organ at each 


' Measured by injecting fluid from a graduated syringe into the instrument before 
commencing the experiment. 
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contraction is concerned. I will first refer somewhat more in detail to 
rapidity of the rhythm of the splenic systole and diastole, and to the 
changes in it which are found to present themselves under the whic 
of varied conditions. 


a. The rapidity of the rhythm of the splenic systole and diastole. 


_ The manner of expressing this which I have chosen is, to give the 
number of seconds which elapse between the commencement of each 
splenic contraction and the conclusion of the succeeding expansion. 
My observations upon this point are confined to the cat and dog. Two 
experiments were, indeed, made upon rabbits, but these, while they 
showed that, in the case of the latter animal sien, the spleen contracts 
and expands rhythmically, were of too unsatisfactory a nature to admit 
of definite conclusions regarding the normal rate of rhythm in rabbits 
being drawn from them. 

In the case of the cat and the dog the rate of rhythm is much the 
same for both species of animal. The most rapid rhythm which 

presented itself in the course of my observations was in the case of a 
dog, in which at one period of the experiment the time occupied by the 
systole and diastole together was 46 seconds. The slowest rhythm 
which was found in this experiment, which lasted nearly 4 hours, was 
55 seconds. In the case of another dog the most rapid rhythm observed 
was 1 minute 40 seconds, the same animal later on in the experiment 
giving a spleen curve with a wave length of 2 minutes. The rhythm in 
this case, as in that of the animal first referred to, gave, during the whole 
time of the experiment, a rapidity intermediate between the extreme 

values noted above. These two instances may serve to illustrate the 
rate of contraction which is usually encountered in the dog. 

In the case of cats the rhythm varied in one experiment from 
58 seconds to 1 minute 2 seconds; in another the rhythm at first 
corresponded to 1 minute 2 seconds, while later the time from apex to 
apex of the splenic waves was 54 seconds. In the case of another cat 
the rhythm remained nearly constant during the whole time of the 
experiment at about 1 minute 30 seconds. One dog also gave a fairly 
constant rhythm of 1 minute 8 seconds. Only in one experiment (on a 
cat) was the rhythm found to be slower than 2 minutes. In this 
instance it was about 2 minutes 3 seconds, afterwards becoming more 
rapid. 

The extremes of rapidity of stiythii of the splenic systole and 
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diastole were, therefore, 46 seconds for the most rapid, and 2 minutes 
3 seconds for the slowest. 

It is worthy of note that, except in cases where irregularity presents 
itself (a subject which will be referred to further on), the rhythm of the 
spleen is subject to gradual changes only. It is not too much to say 
that for any given short period of time, e.g., }—4 an hour, the rhythm of 
the spleen ceteris paribus remains constant in so far as the element of 
time is concerned. It may be reasonably assumed that were it possible 
to keep the conditions fairly uniform throughout the experiment the 
changes in the rate of rhythm of the spleen would be very much less 
than they were found to be in my observations. 

One may say that the average rate of the splenic rhythm is, there- 
fore, speaking roughly, about 60 contractions an hour in the case both of 
dogs and cats. Certain forms of irregularity in the rate of rhythm of 
the spleen which occasionally present themselves may most conveniently - 
be considered after the extent of the splenic systole has been referred to. 


b. The amount of the diminution of volume ital by ouok 
splenic systole. 


This element, viz., the extent of the splenic contractions, distin- 
guishes itself from the time-element of the splenic rhythm by the fact 
that it is subject to very great variations. Not only may the contractions 
differ much in extent in different animals, but great differences in this 
respect may show themselves in the same individual at different periods 
of the experiment, and, what is still more striking, the amount of blood 
which is forced out at one systole may, under certain circumstances, 
differ to an appreciable degree from that forced out by the contraction 
which follows it. This may be seen in Fig. 10, Pl. XVI. (reduced to 
one-half natural size), which is intended to iTinekeate one effect of stimu- 
lation of a sensory nerve, viz., that which is usually produced when the 
spleen has by some cause or er been brought to a state approaching 
that of maximal contraction. : 

The appearance of this curve, together with a knowledge of the 
conditions under which it was obtained, make it probable that the gradual — 
diminution in the extent of the successive waves was due to a gradual 
diminution in the force of the successive muscular contractions, the 
resistance offered by the splenic pulp, blood-pressure in the portal 
vein, &c., remaining practically constant. When the spleen is not 
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greatly contracted, it is found that stimulation of a sensory nerve 
causes a more or less powerful contraction of the organ lasting for 
a longer or shorter time. With a powerfully contracted spleen, however, 
we find, as might be expected, that an influence which under other 
circumstances caused a strong contraction is no longer able to do so. 

We find in its place, as is seen in Fig. 10, what appears from the 
curve to be simply a stronger natural systole of the organ, followed by 
others of gradually diminishing extent. 

Various facts of a kind similar to that shown by the curve of Fig. 10 
would seem to indicate strongly that a certain number at least of the 
changes which so readily present themselves in the extent of the splenic 
waves are due to variations in the force of the muscular contractions. 

Another element regulating the extent of the splenic systoles, and 
one of the very greatest importance, is, naturally, the rapidity with which 
the blood is permitted to enter the vasa serosa. Fiven in absence of other 
evidence the character of the curves obtained from the spleen by the 
method employed by me would suffice to prove that the amount of blood 
entering the spleen in a given time by the arterioles is always exceed- 
ingly small in comparison with the rate at which it passes through 
other organs. If, for example, a kidney, a portion of intestine, or the 
foot of a dog or cat be inclosed in a box of a suitable construction, and 
the changes in its volume be recorded by an oncograph, it is found that 
there is a well-marked pulse-wave in the curve which represents the 
volume of the organ, and, a fortiori, a well-defined respiration-wave. In 
the case of the spleen’, however, even when the organ is of large size, 
and the recording instrument is so arranged that it magnifies consider- 
ably the changes in volume of the organ, we find little or no indication 
of a pulse-wave, and only in cases where, using artificial respiration, the ~ 
- rise and fall of pressure in the lungs has been made tolerably great, do 
we even find, as in Curve 4, indications of a respiration-wave. 

This imperfect reproduction in the changes in volume of the.organ of 
changes in the arterial pressure indicates to us that the passages by 
which the arterial blood enters the substance of the spleen are compara- 
tively very narrow. 

A more striking evidence of the same fact is obtained by the simple 
experiment of closing for a moment the aorta at its point of passage 


1 It need scarcely be said that in comparing thus the curves obtained from the spleen 
with those of other organs, the degree to which the changes in volume have been magnified 
by the recording arrangement is supposed to bear the same relation to the size of the 
organ in all cases. © 
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through the diaphragm, thereby producing, of course, a very consider- 
able fall in the pressure of the blood in those arteries which are situated 
on the distal aspect of the compressed point—a fall which, in the case of the 
kidney, portion of intestine, or foot, leads to an exceedingly rapid contrac- 
tion of the organ, causing an almost vertical descent of the oncograph 
curve, and indicating to us how free is the communication between the 
large arteries and the mass of small vessels with highly elastic walls 
which make up the bulk of the vascular territories of these organs. In 
the case of the spleen, on the other hand, the diminution in volume 
takes place very slowly—there is no sudden fall, such as would be pro- 
duced were the large branches of the splenic arteries in free communi- 
cation with a relatively large cavity whose elastic walls were distended 
with a pressure approaching that within arteries. Indeed, where the 
spleen is expanding at the moment of closure of the aorta, the lever may 
remain nearly stationary until the time comes for the commencement 
of the splenic systole. } 

This experiment of closing the aorta for a few seconds and observin 
the effect upon the volume of the spleen seemed fitted to give some 
information upon the question as to whether or not the splenic arterioles 
rhythmically contract and expand with each contraction and expansion 
of the organ, as well as upon some other points, and I was therefore led - 
to repeat it as often as occasion offered. The following are some of the 
data which were thus obtained. When the aorta is closed during the 
systole of the organ, the descending line recorded by the oncograph lever 
tends to become more vertical, from which one would conclude that the 
entrance of blood from the splenic arteries does not cease completely 
during the time of contraction of the splenic muscular fibres. The 
rapidity with which the lever-point falls on closing the aorta is never so 
great as the rapidity with which it descends on stimulating the vasomotor 
nerves of the spleen. Naturally, also, the more extensive the vertical 
movements of the lever-point of the oncograph, the more marked is the 
effect produced upon the curve by closure of the aorta. But even 
when the splenic. waves are very high, closure of the aorta, either during 
the time of ascent or of descent of the lever-point, never causes the rapid 
fall of the latter which can be produced by stimulation of the various 
nerves which cause contraction of the organ. 

The very imperfect degree to which the volume of the spleen 
responds to variations in the height of the blood pressure shows us that 
the mass of the blood in the organ is practically cut off from the arterial 
system, and that, therefore, the circulation through the organ must be 
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carried on almost exclusively, if not exclusively, by the rhythmic con- 
tractions of the smooth muscular fibres which are found in the splenic 
capsule and trabecule. 

At an early period of my investigations I sought to find some means 
of influencing independently of one another these two factors, viz., the 
degree of dilation of the splenic arterioles and the extent of the splenic 
contractions, but soon found that the connection between them is 
exceedingly close. And this must necessarily be the case if, as seems 
more than probable, the arterial blood pressure takes no part in forcing 
the blood through the spleen. 

All of the nerves which act upon the spleen influence apparently both 
the calibre of the arterioles and the rhythmic contractions of the muscular 
fibres. The spleen reacts, for example, with great readiness to reflex 
or direct vasomotor influences, but the effect produced in my experiments 
by stimulating vasomotor nerves directly or reflexly was always a 
contraction of the spleen, accompanied or followed by an increase in the 
extent of the rhythmic contractions, as will be described more fully 
when I come to refer to the vasomotor nerves of the spleen. To all 
appearance the arterioles are caused to contract if they be influenced 
at all, while at the same time the force of the rhythmic muscular 
contractions is increased. It is possible enough, it is true, that vasomotor 
influences affect the splenic muscles alone, and that the calibre of the 
arterioles is unaffected by them. At all events the comparatively rough 
method of section or stimulation of the various nerves which were found 
to influence the spleen failed to supply me with a satisfactory means 
such as I sought of separating, so to speak, the variations in calibre of 
the splenic arterioles from the variations in force of the splenic contrac- 
tions in order to be able to investigate the part played by each. - 

That they do not under all circumstances bear one definite relation t to 
one another is shown by the fact that various chemical substances and 
poisons, when injected into the blood, produce the most contrary effects 
upon the spleen—curare, for example, causing a temporary expansion of 
the organ, which is followed by an increase in the extent of the rhythmic 
- contractions, while other substances, on the other hand, when injected into 
the blood, produce effects similar to those caused by stimulation of the 
splenic nerves, viz., a contraction of the organ, followed by an increase in 
the amount of blood pumped out at each systole. 

Another proof that the amount of blood which enters the viata by 
the arterioles may vary to some degree independently of the extent of 
the rhythmic contractions consists in the fact that the volume of the 
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spleen is subject. to slow variations, which would scarcely be the case if 
the relation between the amount, of blood entering the organ and the 
amount pumped out at each systole were a rigidly fixed one. 

And I may here refer briefly to these slow changes in volume of the 
spleen. . That enlargement of the spleen occurs with very great readiness 
in a large variety of pathological conditions has long been known, but that 
_ changes in the volume of the organ may, and do, occur in health does not 
seem to be so fully recognized, and, indeed, the circumstances do not 
admit of our obtaining anything more than, indirect evidence on the 
subject. 

In the course of my observations I was constantly being scaninest of 
the fact, that the volume of the spleen is subject to very considerable 
changes (I do not, of course, refer here to the rhythmic changes in 
volume which have been spoken of in the foregoing pages). In many 
experiments the organ continued to expand slowly for an hour or more, 
and this slow expansion would then, in some cases, be followed by a slow 
contraction. Or, the organ mi ight at first slowly diminish in volume, 
this afterwards, perhaps, giving place to a gradual expansion. Little or 
no weight could, of course, be placed upon such gradual changes in the 
volume of the spleen as proving that similar changes take place under 
absolutely. physiological conditions ; but, from the fact that the spleen 
may be made to expand or contract by relatively slight changes in the 
chemical constitution of the blood, such, for example, as those produced 
by injection into the veins of a quantity of salt y &e., &e. 
certain deductions appear to me permissible. | 

_ It was found that, in cases for instance where the organ was steadily 
cmpunilidie the injection into the veins of various substances which occur 
normally in the blood caused the spleen slowly to contract, and this gradual 
contraction might. either continue until the end of the experiment, or 
might be replaced by gradual expansion. It is perfectly certain, then, 
that the spleen very readily changes in volume, and that such changes 
in volume may be brought about by very slight changes in the chemical 
constitution of the blood. The probability is, therefore, very great that 
gradual changes in the volume of the spleen are constantly taking place 
under normal, healthy conditions. 

One other point in connection with these changes i in volume of the 
spleen comes naturally to be referred to here, viz., the relation between 
the volume of the spleen and the extent of the shythiole contractions. 
So far as I have been able to discover, there is absolutely no fixed 
relation between these two. The spleen may have increased enormously 
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in size since the time of commencement of the experiment without any 
increase, and even witha considerable diminution, in the amount of blood 
which is being forced out at each systole of the organ. On this point 
also, therefore, as in so many others, the spleen differs from other organs, 
the amount of blood contained in it at any given time giving no indi- 
cation whatever regarding the activity with which the circulation through 
it is being carried on. In one case, for example (of a dog), the height 
of the splenic waves was greater, after the organ had: become contracted 
to the extent of more than 45 per cent. of its post-mortem volume, 
than the height of these waves before this contraction took place. 

In one exceedingly limited sense some relation may be said to exist, 
however, between the volume of the spleen and the extent of its rhythmic 
contractions. When the organ has become nearly as strongly contracted 
as it is capable of becoming, the extent of the contractions is always 
very small (except in such a case as that illustrated in Fig. 10, where 
one or two unusually powerful contractions are produced by reflex 
stimulation of the splenic nerves). The cause of this diminution in the 
extent of the splenic systoles may lie either in the fact that the splenic 
pulp offers a resistance preventing the muscular fibres contracting 
beyond a certain point; or it may be that the muscular fibres of the 
capsule and trabecule, on undergoing considerable shortening, contract 
much less powerfully in response to a stimulus of given strength than 
would otherwise be the case. Both of these causes probably come into 
play in the case of the greatly contracted spleen, but one would naturally 
be inclined to lay most weight upon the first-mentioned. 

With regard to the degree of contraction which results from stimu- 
lation of a sensory nerve, or of the splanchnics, for example, the con- 
traction is much greater with a large spleen than with one which has 
already become considerably contracted. In one case, for instance, the 
contraction of the spleen produced by stimulating the peripheral end of 
one of the splanchnics was equal to more than 60 per cent. of the 
volume of the organ as measured after death, while in other cases where 
the spleen has already become “ contracted up,” only a slight effect, like 
that seen in Fig. 10, is produced. | 

Some of the influences, besides those already mentioned, which assist 
in regulating the amount of blood forced out of the organ at each systole 
will be referred to when describing the effect upon the volume of the 
spleen ofstimulation of various nerves, and also in referring to the effect 
upon this organ of various chemical substances and poisons which have 
been injected into the blood. 
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Before coming to speak of certain kinds of irregularity of the splenic 
rhythm, I may remark briefly upon the absolute amount of blood, 
calculated in percentage of the volume of the spleen, which is forced 
out at each systole. This, as will have been gathered from the above 
pages, is subject to endless changes, and it is only of interest to state 
the extreme amount which I have encountered. This amount in one 
case was equal to a little over 36 per cent. of the volume of the organ 
as measured after death. I know of no reason for supposing, however, 
that this value represents the extreme amount of blood which the spleen 
is capable of expelling at each systole. In all probability with a larger 
number of observations a higher maximum will be found. 


c. Irregularity of the splenic rhythm. 


Before leaving the description of the more or less spontaneous 
changes which are found to take place in the volume of the spleen I 
have to refer to a form of irregularity of the splenic rhythm which 
is of considerable interest, and also, I believe, of some importance, from 
the light which it throws upon the mechanism of the rhythmic systole 
and diastole of the spleen. The form of irregularity referred to shows 
itself only when Traube-Hering curves of the blood pressure present 
themselves. These Traube-Hering curves, it need hardly be said, are 
caused by a rhythmic contraction and expansion of the blood vessels of 
various organs and tissues, but little being known of their nature further 
than that they are of central origin, being apparently due to rhythmic 
vaso-constrictor impulses emanating from the vasomotor centre or 
centres in the medulla and cord. Amongst those blood vessels which 
take part in producing the Traube-Hering blood-pressure waves by a 
rhythmic contraction and expansion of their component vessels are the 
vessels of the kidney. Whenever we find the blood-pressure curve rising 
and falling with the peculiar, and often very regular, rhythm which 
characterizes the Traube-Hering blood-pressure curve we find 
also that the kidneys undergo a rhythmic expansion and contraction. 

In order to illustrate the close correspondence of the changes in 
volume of the kidney with the rise and fall of the blood pressure under 
the circumstances in question, I give a curve taken from the kidney by a 
method of the same kind as that which I have employed for the spleen. 
In Fig. 7, Pl. XV., the upper curve is that of the oncograph lever, the 
curve beneath it being that of the blood pressure. The letters a and } 
show the relative positions of the two recording pens. This tracing 
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shows that with each rise of the blood pressure the volume of the 
kidney diminishes, and that with each fall of the blood pressure the 
volume of the organ increases. The very exact correspondence of the 
changes in volume of the organ with the changes in the arterial blood 
pressure is well shown in the tracing. 

The spleen also takes part in the srolbvielion:: of the Traube- 
_ Hering curves of the blood pressure, showing, like the kidney, a 
rhythmic contraction with each rise and an expansion with each fall of 
the blood-pressure curve. And this rhythmic contraction and expansion 
of the spleen is quite distinct from the rhythmic contractions of the 
organ which have already been described as occurring independently of 
any change in the height of the blood pressure. | 

In order to avoid confusion while referring to these two forms of 
rhythmic changes in the volume of the spleen, I will speak of that 
which is proper to the spleen, and which has no relation to changes 
in the height of the blood pressure as the specific splenic rhythm, 
while that which occurs in conjunction with the Traube-Hering 
blood pressure curves will be referred to as the Traube-Hering 
splenic rhythm. 

_. In order to show that these two forms of rhythmic systole and 
diastole of the spleen are quite distinct from one another, the following 
facts may be mentioned. 

In the first place: in those of my experiments in which the 
Traube-Hering splenic rhythm showed itself, the length of the 
waves of which it was made up was always different from the length 
of those of the specific splenic curves, the waves in the latter case 
‘being much longer than in the former. The difference in the wave- 
length was in every instance very considerable. For example, in the case — 
of a dog, the specific splenic waves were, at the beginning of the 
experiment, of a length corresponding to 1 min. 40 secs., while three 
hours later they had become longer, the distance from apex to apex 
being equal to 2 min. Immediately after these waves had been 
described upon the paper, the Traube-Hering waves spontaneously 
appeared, these latter waves being, however, only 58 seconds long. 

In the case of another dog, the specific spleen waves varied in 
length, in the course of the experiment, from 48 to 56 seconds, while 
the Traube-Hering waves, which appeared towards the end of the 
experiment, varied in length from 24 to 28 seconds only, 

The simple fact of the difference in length of the two kinds of 
waves would not, perhaps, suffice to prove that they are different 
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in nature, since it might be supposed that the change in the condition 
of the animal, which leads to. the appearance, of the Traube-Hering 
curves, had caused a quickening in the rhythm of specific contractions 
and expansions of the spleen. This is, indeed, highly improbable, 
considering how constant is the rapidity of the splenic rhythm, even 
where great differences in the condition of the animal have taken 
place. 

All possible doubt, however, as to the distinctness from. one another 


of the specific and the Traube-Hering splenic, rhythm. ceases 


when we proceed to examine more closely the details of the Traube- 
Hering splenic waves. We find that on these curves presenting them- 


| selves, the waves of which they are made up are by no means regular 


in so far as strength, or rather extent, is concerned ; there is also ¢ a 
certain degree of irregularity in the vate of the waves. 

_ In this respect the spleen presents a marked contrast to what is found 
to take place in the case of the kidney, in which, as the tracing in Fig. 7, 
Pl. XV., shows, the waves described by the oncograph lever are of the 


greatest. regularity in time and height, and the correspondence with the 


changes in the blood pressure is exceedingly close. That a different 
state of things occurs in the case of the spleen can be seen at a Glance 
in Fig. 8, Pl.) XVI. 

This tracing shows that, while the volume of..the organ is siidaniis 
acted upon by the same kind of rhythmic vasomotor influence with each 
successive rise and fall of the blood pressure, as is seen in kidney curve, 
yet the degree to which the spleen curve corresponds with that of the 
blood pressure is very much less complete than is the case with the 
kidney. In most cases a simple inspection of the tracing suffices to 


convince one that the splenic curve, when the Traube-Hering waves 


of the blood pressure show themselves, is the result of the superposition 
of two series of waves, one being of a more rapid rhythm than the other. 
The curve which is produced is in fact an interference curve 
composed of the specific and of the Traube-Hering spleen waves. 
Eyen so short a portion of tracing as that reproduced in Fig. 8, suffices 
to illustrate this, although, of course, the fact is much more strikingly 
evident when a longer tracing is examined. 

The fact that these two forms of rhythmic contraction and expansion 
of the spleen may be present at one and the same time, and. that they 
produce an interference curve, is. sufficient of itself, I believe, to 
prove that the specific splenic rhythmic systole and diastole 
is distinct in nature from those contractions and expansions which the 
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spleen, in common with various other organs and tissues of the body, 
presents when the Traube-Hering blood-pressure waves appear. 

At first, indeed, the meaning of the curious form of regular 
irregularity of the spleen curve, which is illustrated in Fig. 8, caused 
me no little perplexity, which was due to the fact that, although it 
seemed clearly an interference curve, yet there was often an apparent 
discrepancy between the extent of the specific spleen waves before 
the Traube-Hering rise and fall of the blood-pressure curve appeared, 
and the often very striking and even predominant effect of the former 
waves upon the latter in the interference curve. In one case, for 
example, the specific splenic waves were barely appreciable in the curve 
described by the oncograph lever before the appearance of the Traube- 
Hering waves; but on these latter commencing spontaneously, the 
interference curve showed a very marked participation of the specific 
spleen waves—much greater, in fact, than could possibly have resulted 
had the splenic waves remained so small in extent as they were before 
the interference curve commenced. 

The meaning of this apparent discrepancy, however, disappeared 
when, with further investigations, [ found that vasomotor influences of 
short duration, such as that produced by very brief stimulation of the 
peripheral end of one of the splanchnics, produces two effects upon the 
spleen, viz.: 1st, a contraction of the organ ; and, 2nd, a temporary 
increase in the extent of the specific spleen waves. This latter effect is 
apparently always present, but is most readily seen in cases where 
the spleen has contracted to nearly a maximal extent, so that it can no 
longer diminish much in volume on stimulating its vaso-constrictor 
nerves. In such a case, as can be seen in Fig. 10, we have no 
great contraction of the organ, the most striking effect of the vaso- 
motor stimulation being « temporary increase in the extent of the 
specific splenic waves. 

As soon as this fact was made didnt to me by repeated experiment, 
it was no longer difficult to see why the interference curve might show a 
much greater participation of the specific splenic waves than we 
would have anticipated from the extent of these latter before the rhythmic 
vasomotor influences which cause the Traube-Hering curves began to 
act upon the spleen. As in the case of electric stimulation of one of the 
vasomotor nerves of the spleen, so also each vaso-constrictor influence 
causing the rise of blood pressure in the Traube-Hering waves would 
! have two effects, viz.: 1st, a contraction of the organ; and, 2nd, an 
: increase in the force of the specific splenic waves. It seems clear that, 
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with so complicated a relation between the two forms, above referred to, 
of rhythmic contraction and expansion of the organ, the production of a 
regular form of irregularity such as stamps those curves at first sight as 
interference curves, is chiefly due to the fact that the rhythm of the 
specific splenic systole and diastole is so remarkably constant in so far 
as the duration of the waves is concerned. — 

Before leaving this part of my subject it may be mentioned that 
certain differences may present themselves in the relative participation of 
the two component series of waves which make up the interference curve 
in question. In some of these curves the specific splenic waves are 
predominant, in others the Traube-Hering waves take the most pro- 
minent place; and between these extremes all varieties are apparently 
possible. 

Leaving for the present those changes in the volume of the spleen 
which take place more or less spontaneously, I come to refer to those 
changes which can be produced experimentally through the mediam of 
the nervous system. 


II. Vasomotor Mechanism of the Spleen. 
a. Direct stimulation of the vasomotor centre. 


Perhaps the simplest way of stimulating the vasomotor centre is 
to cause dyspnoea of the animal, by interrupting for a short time the 
artificial respiration in cases where curare has been employed in 
addition to an anesthetic agent. The tracing which is reproduced in 
Fig. 6 is an example of the effect which is produced upon the 
volume of the spleen by such temporary arrest of the respiration. 
As in the other tracings given, a and 6 give the relative positions 
of the oncograph lever-point and the point of the kymograph style 
respectively. It can be seen that, simultaneously with the sudden 
rise in the blood pressure, which occurred after the respiration had been 
stopped for about 50 seconds, the spleen contracted rapidly, and that, 
on recommencing the artificial respiration, the organ expanded to pretty 
nearly its former bulk. This tracing shows the usual effect produced 
by cessation of the respiration. And it may here be noted that, in 
the case of the spleen, the diminution in the volume of the organ 
is to all appearance not due exclusively to a contraction of the walls 
of the arterioles. In the case of the contraction produced by asphyxia, 
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as in that which is produced by electric stimulation of the vasomotor 
nerves of the organ, the diminution in volume is far too rapid to 
permit of our supposing it to be due to a simple cessation of the 
entrance of blood into the pulp of the organ through the arterioles. 

As has already been remarked, the rapidity with which the blood 
enters the spleen is, under normal conditions, relatively slight. When 
we find that even so great a fall in the blood pressure in the splenic 


arteries, as results from a closure of the aorta at its point of passage 


through the diaphragm, produces a relatively slow contraction of the 
organ, we can scarcely suppose that even a complete closure of all the 


_ splenic arterioles will produce so sudden a fall of the oncograph lever as 


usually results from stimulation of the vasomotor nerves of the spleen. 
The rapidity with which the spleen contracts on stimulation of its vaso- — 
motor nerves is well shown in Fig, 12, Pl. XVI. | 

The question naturally arises, whether this contraction of the spleen, 
which results from a cessation of the artificial respiration, be -due to a 
vasomotor influence emanating from the cerebro-spinal centre, or whether 
it be notcaused in part atleast by the diminution of oxygen or increase 
of carbonic acid in the blood acting directly upon the muscular fibres of 
the organ. That a direct action of the latter kind takes place is possible 
enough, and it would be difficult to prove absolutely that it is absent 
without investigating the effect of asphyxia upon the volume of the 


_ spleen after section of all the splenic nerves—an operation which I have — 


not as yet been able to accomplish satisfactorily. That the contraction 
in question is, at least in good part, due to a vaso-constricting influence 
emanating from the cerebro-spinal centre or centres may safely be con- 
cluded from the close correspondence in time of the sudden fall of the 
oncograph lever with the sudden rise in the arterial blood pressure. 

Direct stimulation of the medulla oblongata, by passing an induced 
current through it (in curarized animals), also produces a rapid and 
powerful contraction of the spleen, which is veaneiiain with the rise of 
arterial blood pressure. 


b. ellen stimulation ofthe dasomotor nerves.af theapleen... 


Figs. 10 and 13 are intended to illustrate the effect produced upon 
the volume of the spleen by electric stimulation of the central end of a 
sensory nerve. Fig. 10, which has already been referred to, shows the 
effect of stimulating the central end of one of the sciatic nerves when 
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the spleen is in a contracted condition. It shows that, under these 
circumstances, the principal if not the only evident effect of the stimu- 
lation isa temporary increase in the extent of the splenic waves. Fig. 
13 shows the effect of stimulating, for about 16 secs., the central end of 
one of the vagus nerves (in this case the left), the nerve of the other 
side having been severed to prevent reflex inhibition of the heart. It 
can be seen that the effect in this case was that the spleen contracted 
rapidly and powerfully, afterwards expanding gradually, finally reaching 
more or less exactly the volume which it presented before the nerve was 
stimulated. Reference has already been made to the difference in the 
effect of stimulating the vasomotor nerves of the spleen according as 
the organ is or is not in a greatly contracted condition, and it is un- 
necessary to return at length to this subject here. With regard to 
these two curves, Figs. 10 and 13, it may be said that the difference 
between them is not due to the fact that the effect of stimulation of 
the sciatic differs in any appreciable manner from the effect of stimula- 
tion of the central end of one of the vagi (the nerve of the other side 
having been cut). The difference, in so far as the spleen is concerned, 
is apparently due exclusively to the different condition of the organ at 
the time of the stimulation. If instead of the sciatic, in the case of Fig. 
10, I had stimulated the central end of the vagus, the change in volume 
of the spleen would have been the same as that given in Fig. 10. And 
the same holds good mutatis mutandis in the case of Fig. 13. 

In cases where, as in Fig. 13, a tolerably powerful contraction of the 
organ results from stimulating a sensory nerve, we occasionally see but 
little increase in the extent of the specific splenic waves after the organ 
has expanded to its former volume, although some increase in the extent 
of these waves is, according to my experience, almost always present. 
This predominance of one of the effects of stimulating the vasomotor nerves 
of the spleen—viz., the contraction of the organ—-over the other effect of 
stimulation of these nerves, viz., the temporary increase in the extent of 
the specific splenic waves,—it is difficult to explain satisfactorily. 
It is of importance to note, in connection with this point, that when a 
powerful contraction of the spleen is produced by stimulation of a 
vasomotor nerve, we very rarely find that the spleen goes on contracting 
and expanding in its contracted condition. No matter how long the 
contraction of the organ lasts, it is only after the spleen has again 
expanded to a volume approaching that which it presented before the 
nerve was stimulated that we find the splenic waves returning, and 
usually, as already said, with a temporarily increased extent. Stimula- 
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tion of one of the vasomotor nerves of the spleen may cause therefore 
either an inhibition or an increase in force of the normal splenic 
contractions and expansions. The former effect, viz., inhibition, accord- 
ing to my experience, only results in cases where the spleen is not 
greatly contracted before the nerve is stimulated—to the case, in other 
words, where there is no hindrance to the contraction of the organ. 

It may farther be added with regard to the effect produced by 
stimulation of a sensory nerve that, with electric currents of equal 
strength, the effect of stimulating one sciatic, for example, is identical 
with that produced by stimulating the nerve of the other side. Careful . 
comparison of the degree of contraction produced by stimulating the 
two sciatic nerves alternately with currents of the same strength and for 
the same period of time, showed that the resulting contraction of the 
spleen was the same in amount for both nerves. 

With regard to the effect produced by stimulation of the central: sad 
of the vagus after the corresponding nerve of the other side has been cut, 
it may be mentioned that contraction of the spleen is always préiiiood, 
whatever be the effect of the stimulation upon the blood pressure. As 
need scarcely be said, stimulation of the central end of the vagus 
of the dog sometimes causes a rise, sometimes a fall of the blood 
pressure, while, in some cases, as in Fig. 13, Pl. XVI., a combination 
of these two results is produced, a rise of the blood pressure being 
followed by a more or less marked fall. The effect on the volume of the 
spleen, however, appears to be always the same, viz., a contraction. 

A word of explanation regarding Fig. 5, Pl. XV., may here be 
introduced. The changes in the height of the blood pressure and the 
corresponding changes in the volume of the spleen in this case are more 
or less spontaneous in nature. 

Simultaneously with each rise of the medium blood pressure 
and the accompanying contraction of the spleen the animal straggled 
slightly. So that the rise of blood pressure which usually accompanies 
muscular movements is due in part to a contraction of the spleen. It 
is needless to refer further to this tracing, the meaning of which is 
sufficiently obvious. 


c. Direct stimulation of vasomotor nerves of the spleen. 


a. The splanchnic nerves. 


There are at least four different nerve trunks the stimulation of 
which produces contraction of the spleen. By both right and left 


PONS 
Bri, 
74 
* 
eq 
a4 
is 
i 
4 
3 
ve 
4 
4 


PHYSIOLOGY OF SPLEEN. 225 


splanchnics and by the right and left vagus nerves vasomotor fibres pass 
from the cerebro-spinal centres to the organ in question. 

Stimulation of the peripheral end of either the right or left splanchnic 
produces a very powerful and rapid diminution in the volume of the 
spleen. Fig. 12 is intended to illustrate the effect of stimulation by an 
induced. current of the peripheral end of the right splanchnic. A pre- 
cisely similar effect on the spleen was produced in the case of this animal 
_ by stimulating the peripheral end of left splanchnic. I have not made 
any extended series of observations upon the effect of stimulating the 
_roots of the splanchnics in the thorax, but in one experiment I found 
that three of the roots of the left splanchnic (all that were tried) caused, 
on being stimulated, a marked contraction of the organ in question. 

The effect of simple section of both splanchnic nerves did not, in two 
experiments, result in any expansion of the spleen ; so that there did not 
appear to be any vasomotor “ tonus’’ passing along these nerves from 
the cerebro-spinal centres to the spleen. Simple section of one or both 
splanchnic nerves does not cause any cessation or change in rapidity of the 
specific splenic systole and diastole. After both splanchnics have been cut 
the rhythmic contractions and expansions of the spleen are as regular 
and apparently as powerful as when both of these nerves are intact. 
It may be added that stimulation of the peripheral end of one of the 
splanchnics produces the same combination of effects upon the volume of 
the spleen, viz., contraction of the organ and temporary increase in the 
extent of the specific splenic contractions and expansions as was 
described as resulting from stimulation of a sensory nerve. Stimulation 
of the central end of one of the splanchnics has the same effect on the 
volume of the spleen as stimulation of the central ends of other sensory 
nerves. 


b. The Vagi. 


The relation of the vagi to the spleen is a very curious one ; and I am 
by no means inclined to believe that the facts which have come to light 
in the course of my experiments on this subject permit of our drawing 
final conclusions as to the nature of this relation. 

Stimulation of the peripheral end of either vagus causes a contraction 
of the spleen, as is illustrated by the tracing of Fig. 11. This tracing 
shows that the effect of stimulating the peripheral end of one of the 
vagus nerves (in this instance the right vagus) has a similar effect 
to that produced by stimulating the peripheral end of.one of the 
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splanchnics. That the contraction of the spleen, which is produced by 
stimulating the peripheral end of one of the vagi in the neck, is not due 
simply to the fall in the blood pressure, resulting from the action of the 
vagus on the heart, is evident from the fact that' the contraction of the 
spleen does not by any means coincide, in regard to time, with the 
changes in height of the blood pressure. As has already been remarked, 
moreover, the-volume of the spleen is but little influenced by changes in 
the height of the arterial pressure. The point, however, of principal 
interest in connection with the action of the vagus upon the spleen, lies 
in the fact that there is apparently some curious relationship between 
the rhythmic contractions of this organ and the nerves in question. 
Fig. 9, Pl. XVI., is intended to illustrate one of the peculiar phenomena 
which leads me to believe that some such relationship as that referred to 
exists. This figure reproduces the tracing reduced to one half the 
natural size. It shows that with each rhythmic contraction of the 
spleen there is an increase in the height of the pulse waves of the 
blood pressure curve, accompanied by a slight slowing of the cardiac 
rhythm. The appearance in this case of “vagus heart beats” synchro- 
nously with each successive contraction of the spleen, shows that some 
peculiar relation exists between the spleen and the vagus. In this case, 
section of both vagi, while causing, as was to be expected, a cessation of 
the rhythmic vagus beats of the heart, had no appreciable effect upon 
the rhythmic contractions of the spleen; from which one would be 
inclined to suppose that there exist centripetal nerve fibres, running 
from the spleen and having a close connection with the vagus-centre in 
the medulla, and that a centripetal nervous influence may, under certain 
conditions, be produced by each contraction of the splenic muscles. It 
should be added that in no case have I found that section of one or both 
vagus nerves causes an arrest of the specific splenic contractions, 
nor, on the other hand, does any expansion of the spleen result on these 
nerves being severed. | 

It is of importance to add that, after cutting both splanchnic nerves 
at their point of passage through the diaphragm, as well as both vagus 
nerves in the neck, stimulation of the central end of a sensory nerve, 
e.g., the sciatic, still causes a reflex contraction of the spleen. There 
must therefore be at least a fifth route by which vasomotor influences 
may travel from the cerebro-spinal centres to the spleen. 

I have intentionally avoided, in the course of this communication, 
making any statement regarding the time required for the transmission 
of vasomotor impulses, from the sciatic to the spleen, or from the vagus, 
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or splanchnic, to that organ. The method employed admits of these 
measurements being made with convenience and considerable accuracy, 
but I prefer reserving the data which I have obtained upon this point, 
as I believe it may be better considered in a future paper, on: the 
duration of the latent period for vasomotor impulses affecting the 
kidney, intestine, foot, &., &. 


CONCLUSION. 


In concluding, I may refer to some of the principal facts contained 
in the foregoing pages. 

The circulation through the spleen differs from that of other organs 
in the important particular that the force which impels the blood 
through the organ is not that of the blood pressure in the arteries. 
The splenic circulation is carried on chiefly, if not exclusively, by 
a rhythmic contraction of the muscles contained in the capsule and 
trabeculze of the organ. 

This rhythmic contraction is exceedingly regular in so far as the 
rapidity of the rhythm is concerned, varying as it does in any given 
individual but very slightly even during an experiment lasting many 
hours, and in which the condition of the animal has necessarily changed 
considerably. Roughly speaking, each contraction with the succeeding 
expansion lasts about one minute in the case of dogs and, cats. 

As has also been pointed ont, changes in the arterial blood pressure 
have comparatively little influence on the volume of the spleen, from 
which it may be concluded that the passages by which the arterial blood 
enters the substance of the organ are relatively very narrow, and that the 
pressure of the blood contained in the pulp of the spleen is not so 
closely connected with that of the arterial blood pressure as would be the 
case did the latter play a predominating part in carrying on the 
circulation through the organ, 

The rhythmic contraction and expansion of the spleen i is different in 
nature from the rhythmic contraction and expansion which may be 
observed in various organs on the “ Traube-Hering ” blood-pressure 
curves showing themselves. The spleen also takes part in the 
production of the “ Traube-Hering” curves of the blood pressure, 
contracting with each rise, and expanding with each fall of the arterial 
pressure, but these contractions are readily distinguishable from those 
which are proper to the spleen and which are independent of changes in 
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the blood pressure. Very frequently the combination of the Traube- 
Hering contractions of the spleen and the “ specific splenic ”’ contractions 
results in an “ interference” curve being described by the instrument 
which records graphically the changes in volume of the organ. 

Stimulation either of the central end of a cut sensory nerve or of the 
medulla oblongata causes a rapid contraction of the spleen. The paths 
by which such vaso-constrictor influences may travel from the cerebro- 
spinal centres are various. As has been shown, stimulation of the 
peripheral ends of both splanchnics and of both vagi causes a rapid 
contraction of the spleen. After section of these four nerves (the vagi 
in the neck and the splanchnics at their point of passage through the 
diaphragm) stimulation of a sensory nerve still causes a contraction of 
the spleen, showing that vaso-constrictor influences may pass from the 
cerebro-spinal centres to the spleen by some other route or routes than by 
the nerves named. It is not my intention, however, to give a résumé 
of the contents of the foregoing pages, and I will only remark in con- 
clusion, that the fact that section of the principal nerves which convey 
vasomotor influences from the cerebro-spinal centres to the spleen has so — 
little effect on the rhythmic contractions and expansions of the organ, 
would seem to indicate that these latter are regulated and maintained by 
some mechanism contained in the spleen itself. 


August, 1881. 
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A CASE OF LOSS OF TASTE FROM DISEASE OF THE 
FIFTH NERVE. By W. R. GOWERS, MD., F.B.CP. 


Tue following case is of considerable physiological interest, since the 
symptoms seem to afford conclusive evidence that the patient possessed 
but one nerve of taste, the fifth. 

Mrs. O’L., aged thirty-three, was sent to me, July 5th, 1880, at the 
Hospital for Paralysis, &c., by Mr. Abbots, under whose care she had 
been on account of diplopia. Fourteen years previously she had been 
struck by a cricket-ball on the right temple, but suffered no after effects, 
No history of syphilis, direct or indirect, could be ascertained. In 1878 
she had a brief attack of diplopia, giddiness, and “numbness” near the 
right temple: similar attacks occurred in 1879 and in January, 1880 ; 


for the latter she came under Mr. Abbots’ care on February 29th, who — 


thought the diplopia and giddiness were due to temporary weakness of 
the right internal rectus. On April 14th she woke up in the night with 
a burning sensation in the right side of the face, and found at once that 
she could not feel there. She saw Mr. Abbotts on April 17th, and he 
then found that there was complete loss of sensation in all parts supplied 
by the right fifth nerve. . This continued until I saw her on July 5th, 
when her state was as follows : “‘ The diplopia has passsed away. There 
is no evidence of affection of any cranial nerve except the fifth. 
Hearing is normal: the face and eyes and tongue move perfectly. 
There is no pathological change in the optic nerve or retina. The 
muscles of mastication on the right side are very weak, a feeble con- 
traction of the right temporal can be felt, but none in the masseter. 
The right temporal fossa is hollowed from wasting of the muscle. 
Sensation to touch and pain is absolutely lost in all parts supplied by the 
right fifth nerve, including the conjunctiva, and the mucous membrane 
of the mouth and nose, the right side of the tongue, and of the soft 
palate; but on the right anterior palatine arch, sensibility suddenly 
becomes acute, and the whole posterior wall of the pharynx is perfectly 
sensitive : so also are all parts of the mucous membrane on the left side. 
Taste (tested with salt, sugar, and quinine) is abselutely lost on the 
PH. III. 16 
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right side of the tongue, front and back, and even on the anterior 
palatine arch and in the region of the tonsil, between the palatine arches, 
where common sensibility is normal. In the corresponding parts of the 
opposite side taste is acute. The movements of the soft palate and 
pharynx are perfect. Smell is slightly less acute in the right nostril 
than in the left, but all odours are identified without difficulty. There 
is no affection of the movement of the tongue and no symptom in the 
limbs.”’ She had taken iodide under Mr. Abbotts’ direction and this 
was continued, with the subsequent addition of tonics. The skin of the 
face was also faradized with a wire brush. Two months later a partial 
return of sensation had occurred on the lower part of the face, but the 
loss of taste continued in tongue and fauces. The wasting of the 
muscles of mastication had increased. During the next few days slight 
weakness of the right external rectus came on, but passed away in a few 
weeks. 

In February, 1881, she considered herself much better. A considerable — 
return of sensation had taken place in the face, especially above the eye. 
Sensation was still lost on the mucous membrane of the mouth. The 
loss of taste continued absolute on the right side in all parts. The 
muscles of mastication had regained some power, but were still con- 
spicuously wasted. The diplopia had recently returned, and its character 
indicated slight weakness of both internal and external recti on the right 
side. The only visible alteration of movement in the right eye was that, 
in looking horizontally to the left, the right eye moved a little upwards. 
The vertical movements were equal. The patient was to report herself 
if there was any change, but has not since been seen. | 

The symptoms in this case point to a severe lesion of the roots of the 
right fifth nerve near their origin from the surface of the pons Varolii, 
with slight disturbance of the right third and sixth, which are the 
nerves lying nearest to the fifth in its course from its origin to its 
foramina. The absence of any disturbance of the nutrition of the eyeball 
makes it additionally probable that the disease was between the origin of 
the nerve and the Gasserian ganglion. The grouping of the symptoms, 
with the absence of any implication of the limbs, enables disease 
within the pons to be excluded with confidence. The suddenness of the 
onset points to a hemorrhage into the sheath of the nerve. The 
relation of this lesion to the slight preceding symptoms in the region of 
the third nerve is uncertain, but we know that local meningial disease 
(e.g., chronic inflammation) often involves adjacent arteries, and tends 
to subsequent vascular lesions. 
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The interest of the case lies, however, not in its hypothetical 
pathology, but in the circumstance that there was evidence of complete 
interruption of conduction along the sensory root of the nerve, and that, 
with this, there was entire loss of taste on the right side, not only in the 
front of the tongue, but also in the region in which taste is believed to 
be always subserved by the glosso-pharyngeal. All symptoms of an 
affection of this nerve were absent; and its disease can be, indeed, 
excluded with confidence. The facts show therefore that this patient has 
but one nerve of taste, the fifth. 

Since taste was lost in the front as ‘well as in the back of the tongue, 
the case affords some confirmation to the view that the gustatory fibres 
contained in the chorda tympani come to the facial nerve from the fifth 
by the superficial petrosal nerve. It is possible, therefore, that in this 
patient all the nerves of taste come from Meckel’s ganglion. If the - 
ultimate origin of the chorda tympani fibres from the fifth is rejected, 
the case is opposed to the view that the chorda tympani subserves the 
sense of taste in the front of the tongue. But other evidence of this 
function of the chorda tympani is very strong, and it is supported by the 
phenomena of ordinary facial paralysis, such as are commonly 
ascribed to, and are often due to, cold. There is strong reason to 
believe that this paralysis is due to a rheumatic inflammation of the nerve 
sheath in its bony canal. In four-fifths of these cases (speaking from 
my own observation) taste is lost in the front of the tongue. The explana- 
tion of this, doubtless, is that the inflammation extends up the canal as 
high as the point at which the chorda tympani is given off. 
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A COMPARISON OF SIGHT AND TOUCH. By H. P. 


BOWDITCH, MD., Professor of Physiology, Harvard Medical School, 
and Wu. F. SOUTHARD, MD. Pl. XVII. 


Our knowledge of the position of objects in the external world is derived 
almost wholly through the senses of sight and touch, each sense aiding 
the other, and both receiving assistance from the muscular sense. 
Without attempting a discussion of the question whether touch or 
sight furnishes the more primitive and fundamental data to conscious- 
ness, it is interesting to inquire which sense supplies us with the more 
accurate information as to the position of objects around us. The 
comparison may be made in several ways. In the first place, we may 
compare the smallest distances within which two impressions made upon 
sensitive surfaces can be recognized as separate and distinct. It has 
been found, for example, that the distance between two luminous points, 
as two fixed stars, must subtend a visual angle of at least one minute, in 
order that the sources of light may be recognized as distinct from one 
another’. A visual angle of one minute corresponds to a distance of 
0°00438 mm. on the retina, which is about the diameter of the cones in 
the,macula lutea according to Kélliker’s measurements. Now, since 
the smallest distance upon the surface of the body at which two tactile 
impressions are recognized as distinct is, according to Weber’s re- 
searches, 11 mm.’ (upon the tip of the tongue), it follows that the 
retina is 251 times more accurate than the most sensitive part of the 
surface of the body in localizing impressions made upon it. It may be 
objected, however, that a comparison of this sort has little value, inas- 
much as it is the optical image of the object which is applied to the 
retina, while the object itself is brought in contact with the surface of the 
body. It is interesting, therefore, to compare the absolute size of the 
smallest intervals by which two external objects must be separated in 
order that they may make distinct impressions upon the two senses. In 


1 Helmholtz. Physiologische Optik, p. 216. 
2 See Foster’s Text Book: of Physiology, 3d Ed., p. 532. 


4 
& 
} 
is 
Re 
~ 
x 
. 


SIGHT AND TOUCH. 233 


thus comparing sight and touch, it is, of course, necessary to limit the 
comparison to those distances within which both senses may be used to 
obtain information in regard -to surrounding objects. The sense of touch 
cannot, of course, be used for objects beyond the reach of the arm, and 
the sense of sight is useless for objects nearer than the nearest point for 
which the eye can be accommodated. For all distances, however, greater 
than the near point of vision and less than the length of the arm, the two 
senses of sight and touch are in constant use in determining the size and 
nature of surrounding objects. The question is, which sense affords us 
the most accurate information? Seventy-five centimeters may be taken 
as the distance within which objects may be easily reached by the hand, 
and ten centimeters as the near point of vision. Using ‘the above- 
mentioned minimum visual angle of 1’, we find that this angle is subtended 
at the distances of 10 and 75 em. by lines of 0°03 and 0:2 mm. respec- 
tively. That is to say, two points, 0°03 mm. apart, at a distance of 
10 cm. from the eye, are seen to be distinct and separate, and the same is 
true of points 0°2 mm. apart at 75 cm. from the eye. Now since, accord- 
ing to Weber, two points, in order to produce separate impressions upon 
the skin at the ends of the fingers, must not be less than 2°2 mm. apart, 
it appears that within the above-mentioned limits of 10 and 75 cm. the 
sense of sight is from 10 to 70 times more accurate than that of touch. 
Although the result of these comparisons is in favour of the sense of 
sight, it is important to bear in mind that by the methods here pursued, 
it is only the accuracy and delicacy of two sensitive surfaces that are 
compared together. As we use our senses, however, in daily life, the 
data of sight and touch are intimately associated with those of muscular 
sense. We must, therefore, proceed to inquire whether the relative 
superiority of vision over touch as determined by the above comparison 
of the delicacy of their recipient organs is maintained when each sense is 
aided, as in daily life, by association with the muscular sense. Several 
circumstances suggest that this may not be the case. It is, for instance, 
a matter of daily experience that we depend more upon touch than 
upon vision in estimating slight differences of level in contiguous i” 
surfaces. Thus we judge of the accuracy with which the parts of if 
a piece of furniture are fitted together by drawing the finger-nail | 
over the line of junction, obtaining in this way far more accurate 
information than the eye could furnish. The well-known experiments 
with prismatic spectacles’, showing how important it is that the data 


' Helmholtz. Physiologische Optik, p. 601. 
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of vision should be corrected by those of touch, are also to be mentioned 
in this connection. 

For those reasons and also for the sake of obtaining more precise 
quantitative results than those above mentioned, it seemed desirable to 
select some test of the accuracy of our spatial knowledge which could 
be applied successively to the data of sight and of touch as ordinarily 
obtained in the daily use of our senses. 

Such a test seems to be furnished by the power we possess of 
executing, under the guidance of our muscular sense alone, 8 movement 
toward a point the position of which has been determined by sight or by 
touch, the precision with which the movement can be executed, or, in 
other words, the distance between the point reached and the point aimed 
at affording a measure of the accuracy of our knowledge of the position 
of the object which has been seen or felt. In applying this test, the 
writers have made a large number of experiments, to record which is the 
object of the present paper. 

The method of proceeding was as follows: The experimenter seated 
himself at a table covered with a large sheet of white paper upon 
which a small movable object was placed. After various experiments, 
the most convenient object for this purpose was found to be a small 
brass disc about 5 mm. in diameter, having in the middle of one 
side a small projecting point. This object was placed in different 
positions on the paper, a short rod being used for moving it 
about to avoid touching it with the hand. The experimenter then 
having observed its position closed the eyes, and endeavoured to place 
the point of a pencil, held in the right hand, as accurately as possible 
upon the disc. The error, i.e., the distance between the disc and the 


pencil point, was then measured and recorded. In a second set of — 


observations the experimenter closed the eyes and placed the disc in 
position with the left hand. Then, withdrawing the left hand and 
keeping the eyes still closed, he endeavoured to place the pencil point 


upon it as before. 


In a preliminary series of experiments! comprising sixty trials, in 


half of which the: position of the object was determined by sight, and 


in the other half by touch, the result was found to be as follows :— 
Location by sight: maximal error, 23 mm.; minimal error, 3 mm. ; 
average error, 11:4 mm. Location by touch: maximal error, 38 mm, ; 
minimal error, 8 mm. ; average error, 19°2 mm, It would thus seem 


1 Reported to the Boston Society of Medical Sciences, Oct. 21st, 1879, and described 
in the Boston Medical and Surgical Journal, Nov, 11th, 1880. 
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that the knowledge of position in space obtained through the sense of 
sight is nearly twice as accurate as that obtained through the sense of 
touch. Several questions suggested themselves in the course of this 
preliminary investigation. 


INDIRECT VISION. 


In the first place it is evident that when the position of an object is 
determined by fixing the eye or placing the hand upon it, the informa- 
tion is obtained less through the senses of sight and touch than through 
the muscular sense of the muscles which move the eye or the arm. 

It seemed desirable, therefore, so to modify the experiment as to 
exclude the aid obtained from the muscular sense by the sense of sight, 
and to determine whether under these circumstances vision would still 
retain its superiority over touch. This could, of course, readily be done 
by directing the eye, not upon the object to be aimed at, but upon some 
fixed point upon the sheet of paper, so as to allow the image of the object 
sought to fall upon the lateral portions of the retina. To this end the 
observer always fixed his eyes on a point marked in the centre of the 
sheet preserving a constant position of the head by holding in the teeth 
a piece of wood, secured in a holder clamped to the edge of the table. 
Around the point of fixation were drawn lines indicating successive 
angular distances of 2° from the centre of the field of vision. Owing to 
the fact that the line of vision met the plane of the paper at an angle 
considerably less than 90°, these lines were of course ellipses’. 

In experimenting in this way it was, of course, more difficult to reach 
those portions of the paper lying beyond than those lying within the 
point of fixation. To overcome this difficulty and avoid any error 
which it might introduce, a series of experiments was made in which the 
paper instead of being laid upon a table, was fastened vertically against a. 
wall. The eyes of the observer were secured in a fixed position opposite 
to, and about 60 cm. from, the centre of the sheet of paper, and circles 
instead of ellipses drawn round the point of fixation indicated successive 

1 It might reasonably be expected that the greater the distance between the macula 
lutea and the image of the object the less accurately would its position be determined, and 
it became of interest to inquire at what rate the accuracy diminished and at what point it_, 
becomes equal to that of touch. In order to determine this point it became necessary in 
this set of experiments to determine not only the error of the estimated position, t.¢., the 
distance between the disc and the pencil-point, but also the quadrant of the field of 
vision in which the object was placed and its angular distance from the centre of vision. 


Although many hundred observations were made and recorded in this way, the data were 
not found to be numerous enough to justify any precise statement upon this subject. 
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angular distances of 2° from the centre of the field of vision. As it was 


of course impossible to place a disc or other movable object upon the 
vertical sheet of paper used in these experiments, the following plan was 
adopted for obtaining an easily adjustable point for observation. The 
experiment was performed in a dark room into which a beam of sunlight 
from a heliostat was admitted through a narrow opening. The beam 
was received upon two small circular mirrors about 2 mm. in diameter’. — 

One of these mirrors was fixed in its position and directed its ray 
upon the centre of the sheet of paper. The spot of light thus produced 
served as the point of fixation for the eyes of the observer. The second 
mirror, adjustable on a ball and socket-joint, was placed within easy reach 
of the hand of the observer, and served to produce a spot of light upon 
any part of the sheet of paper that might be desired. In other oe 
the experiment was conducted as already described. 


Effect of using the same or different Hands in Localization and in Search. 


In the experiments above described in which the position of an object 
was determined by the sense of touch, the localization was always effected 
by means of the left hand, while the right was used to execute the 
movement in search of the object. Opposite hands were used because it 
was thought that the employment of the same hand would give to the 
sense of touch an undue advantage over that of sight, and thus interfere 
with the accuracy of the comparison instituted between the two senses. 
It seems, however, desirable to ascertain how great this advantage might 
be, and for this purpose experiments were made in which the position of 
the object was determined by the same hand which was used to execute 


the movement in search of it. 


Effect of Time. 


In conducting these experiments it soon became evident that the 
time elapsing after the fixation of the object, by the eye or hand, before 


the attempt was made to place the pencil-point upon it, intuneed the 


accuracy with which the movement could be exectited: It might, 
perhaps, be supposed that this effect of time would consist simply in 
causing the mental image of the position of the object to become less 
and less distinct, and that the longer the interval between the determi- 
nation of the position of an object, and the effort to execute a movement 


* Mirrors of this sort were readily obtained by pasting bits of black jerced with 
round holes upon pieces of by 
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toward it, the less accurate would be the execution of the movement. 
Experiment showed, however, that this expression of the relation between 
time elapsed and accuracy of movement did not correspond to the facts 
observed. In order to study this relation, each set of experiments with 
direct and indirect vision, and with touch, was divided into six series, 
in which the above-mentioned interval was 0", 2’, 4’, 6’, 8’, 10”, respec- 
tively, the intervals being determined by the strokes of a metronome. 
In each series 100 trials were made, the results of which are shown in 
the table which will be presently presented. 


Effect of Fiwation of the Head. 


In the experiment with indirect vision the head was maintained in a 
fixed position, as above described, in order to secure a constant relation 
between the retina and objects in the field of vision. In order to ascer- 
tain the influence of this constrained position of the head upon the 
accuracy with which movements of the arm could be executed, the expe- 
riments in localization by direct vision, and also those in localization by 
touch with the same hand were performed in duplicate sets, the head 
being fixed during one set of experiments and free during the other. 
It will thus be seen that seven separate sets of experiments were per- 
formed, two with direct vision, two with indirect vision, two with 
touch with the same hand, and one with touch with the opposite hand. 
In each of these sets 600 trials were made. The results of these 4,200 
trials are given in the following tables :— 


TABLES showing the relative accuracy of the different modes of localiza- 
_ tion, by a comparison of the number of hits at different distances 
from the point aimed at, the surface of the paper being supposed to 
be divided into concentric rings, 6 mm. broad, around the point 
aimed at. 
Column A. gives the radii in mm. of the outer and i inner borders of 
the successive rings. 
Column B. shows the total number of hits on each ring, and a the 
- number of hits in each series of observations, corresponding to the 
intervals of time elapsing between the location of the object and the 
beginning of the movement towards it, as above described. ; 
Column C. shows the area in cm.” of each successive ring. 
Column D. shows the number of hits per cm. in each ring. (The 
numbers in this column diminish from above downward, approximately 
as the ordinates of the binomial curve of Quetelet.) 
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LOCALIZATION BY Direct VISION. 


Table I. 


20°19 


19°05 


Table II. 
LocaLiatTion By Direct Vision. FIXED.) 


A. 
Radii 
of rings. 

mm. 


C. 
of 


0—6 
6—12 
12—18 
18—24 
24—30 
30—36 
386—42 
42—48 
48—54 
54—60 
60—66 
66—72 
Total No 
of hits. 
Average 


error mm. 


"| 100 


| 16°85 


18°98 | 18°36 


3 Radii | Number of hits. Area of Hits 

: mm. | 0” 2" 4" 6” 8" 10" |Totals,| em." | om.” 
o—6 | 12 | 18 | | 12 | 69 61:00 
: 6-—12| 386 | 34 | 28 | 21 | 19 | 18 | 151 | 3:898| 44:50 
12-18 | 27 | 27 | 28 | 22 | 28 | 25 | 152 | 5°656| 2687 
12 | 16 15 | 16 | 15 | 85 | 7917| 10°72 
24-80 | 6 2 17 | 56 |10°179| 5°50 
q 30—386| 6 | 8 | 6 | 11 | 15 | 15 | 56 {194411 4:50 
4 1| 41] 2 | 5 | 12 
6 | 2 | 8 |19°227) -41 
of hits. | 100 | 100 | 100 | 100 | 100 | 600 | ... | 
error mm. | 1411 | 12°87 | 15°15 | | MMMM | 21°81 [17°11 |... | 
q | Number of hits. Hits 
|B 
4 21 | 27 | 292 | 12 | 14 | 19 | 115 | 3:898| 38°86 
31 | 28 | 19 | 28 | 29 | 28 | 158 | 5-656] 27°93 
3 17 | 14 | 27 | 18 | 18 | 16 | 110 | 7-917] 18°89 
11 | 18 | 15 |.18 | 14. | 84 8-25 
9 | 48 |19441| 3°45 
er ers 3 | 18 |14:708| 1°22 
| 200 | 100 | 100 | 100 | 100 | 600 | .. | 
16°04 |18:37 |2000 |19-95 | | 
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Table III. 
LocALIzaTion BY TOUCH, SAME Hanp. (HEAD FREE.) 


A. B. © 
Radii Number of hits. Area 0 ts 
of rings. rings 
mm. 0" 9" 4" 6" 8" 10” | Totals.} } em.” 


36—42 | 3 3 4 | 27 [14-708] 1°88 
42—48 | 1 8 8 |16°965| 
48—54 |... 1 4 |. 14 |19°997)  -72 
54—60 | ... 2 1 8 7 |21:489| 32 
60—66 oe eee eee 23°751 
66—72 | ... 26°013 
Total No. 

of hits. | 100 | 100 | 100 |-100 | 100 | 100 | 600 

Average 
error mm.| 19°48 | 17°18 | 17°84 | 21-08 |2264 [28°97 }2025| ... |... 

Table IV. 
LOCALIZATION BY INDIRECT Viston. (HEAD FIxep.) 

adi Area | Hits 
Number of hits, 

mm 0” 2” 4" 6" 8" 10" | Totals.| om.” | om.” 


30—86 | 11 19 6 | 1 | 14 | 68 [12-441] 5:46 
36—42 | 4 3 5 8 6 

4248 1 5 8 | 16 |16965| . ‘94 
48—54| 1 2 2 2 7 |19°227| 
54—60 2 1 4 7 |21:489| 
60—66 3 3 |28°751| “12 
66—72 1 1 2 |26:018| ‘07 
Total N°. 300 | 100 | 100 | 100 |100 | 100 | 600 | ... | 


error mn. | 18°45 | 15°89 | 20°90 | 20°90 | 29°47 24-74 | 20-44 


0—6 3 | | 1181} 49°51 
6—12| 19 | 25 | 19 | 18 | 10 | 18 | 99 | 8393] 99:17 a 
12—18| 25 | 14 | 31 | 16 | 15 | 19 | 120 | 5-656! 21°21 | 
17 | 17 | 15 | 98 19 | 22 | 118 | 7-917} 14:90 
24—-30| 18 | 11 | 10 | 14 | 18 | 18 | 79 |10:179| 776 
30—36 | : 78 | 

| 

1 

0—6 9 | 16 13 | 4 | 12 2 | 56 | 1°181| 49°51 | 
6é—12| 93 | 93 | 12 | 14 | 10 | 18 | 100 | 3893] 29°47 : 
12—18| 17 | 29 | 21 | 25 | 17 | 20 | 129 | 5656) 22°80 | 
1i8—24/ 21 | 14 | 10 | 23 | 14 | 17. | 99 | 79171 12°50 | 
24-30 | 14 7 | 16 | 16 | 19 | 11 | 88 |10379| 8415 | 

| 
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Table V. 


LOCALIZATION BY INDIRECT Vision. FIXED.) 
(Exp. Spot or Licur.) 


B, 
Number of hits. 


100 | 100 


18°54 | 20°68 | 20°82 | 22°99 | 23°65 | 24°65 | 21°88 


Table VI. 
LocaLizatTion By Touch, SAME Hanp. (HEAD Frxep.) 


q 240 

of rings rings. | per 

mm, | 0" | | 4" | 6" | 8” | 10" | Totals.) om? | cm? 

| 10| 5] 5&8 | 7 | 8 | | 42 | 15181] 8718 | 
= 6é—12| 27 | 19 | 15 | 11 | 18 | 10 | 95 | 8898] 97-99 
12—18| 15 | 28 | 27 | 22 | 28 | 16 | 126 | 5-656] 99°07 
1s—24| 19 | 21 | 18 | 21 | 18 | 21 | 108 | 7-917) 19°64 

} 24—30| 11 | 12 | 91°] 11 | 21 7 | 78 |10179| 717 
so—36| 6 | 8 | 9 | 10 | 12 | 18 | 58 12441] 4-66 

4 36—42 | 6 5 | 5 | 8 | 9 | 16 | 49 |14708| 3-38 
5 81.51 41 8 | 25 |16965| 1-47 

q 48—54| 1 1/ 2/1 8] 8 | 18 |19997| -67 

of hits. 100 | 100 | 100 | 100 | 600 | ... | ... 

q error mm. | ese eee 

4 Radii Number of hits. Area of | Hits 

mim. 0" | 2" | Totals. cm.” cm, | 
E11 >| 51 8] 4 | 88 | 99-17 

; 6—12| 19 -| 19 | 15 | 14 | 11 | 17 | 95 | 8:98] 27-99 
12—18| 31 | 27 | 22 | 19 | 17 | 18 | 184 | 5°656| 23°69 

; is—24| 17 | 16 | 17 | 12 | 14 | 10 | 86 | 7917] 10°86 

21380 | 13 | 19 | 17 | 20 | 15 | 17 | 101 [|10°179) 9-99 

6 | 7 | 15 | 10 | 8 | 14 | 60 4-82 

3 sa—42 2 | 4/1 9 | +7 | 12 | 41 (14-708| 9-78 

| 4948 |... 3s | 7/101. 4 | 26 1-58 
4g—54| 1 1 1 $174 1 | 10 

5460 | ... 1 7 | 8 | 14 (|91-489| 

“hits | 100 | 100 | 100 | 100 | 100 | 100 | 600 | ... | ... 
error man. | 17°16 | 21-20 | 22-22 | 24°01 | 27°10 | 24-00 | 22°61 | ... 


SIGHT AND TOUCH. 


241 
Table VII. 
LocaLIzATION BY ToucH, opposite Hanp. (HEAD FREE.) 
A. C. D. 
Radii Number of hits. Area of| Hits 
of rings. .| rings. | per 
mm. 0” 4" 6” 8" 10” |Totals.| cm.? | cm.” 
0—6 9 8 13 . 7 8 7 52 1°181 |45°97 
6—12 20 16 17 7 12 6 78 3°3938 |22°98 
12—18 | 23 19 19 12 12 10 95 5°656 |16°79 
16 20 17 17 13 18 | 101 | 7917 
24—30 | 11 14 11 8 13 17 64° |10°179| 6°27 
80—36 4 7 7 20 15 17 80 |12°441)| 6°43 
86—42 4 | 7 9 7 | 44 {14708} 2°99 
42—48 5 4 2 14 8 5 88 |16°965| 2°23 
48—54 4 1 4 5 4 3 21 (19°227)| 1°09 
54—60 |... 2 3 2 5 12 |21°489| °55 
60—66 3 1 3 3 10 |23°751)| +42 
66—72 1 1 1 1 5 
Total N | 
of hits, | 100} 1001 100| 100] 600 
Average 
error mm.| 21°86 | 21°49 | 20°49 | 28°70 | 26°25 | 28°89 24°61 A 
Table VIII. 
SHowinc AVERAGE ERROR IN MM. OF DirreRENT Mopzs oF 
LOCALIZATION. 
between Localization and 
Mode of Movement. Totals. 
Head.) | ov | 4" §" | 10” 
Direct vision free | 14°11] 12°87] 15°15| 20°19) 19°05. 21°81) 17°11 
11.) Direct vision fixed | 16°85] 16°04] 18°37| 20°00) 19°95 18-98) 18°36 
III.| Touch, samenand. | free | 19°48} 17°13) 17°34) 21°08) 22°64 23-97) 20°25 
IV.| Indirect vision fixed | 18°45) 15°39] 20°90] 20°90) 22-47; 24-74) 20°44 


V.| Indirect vision’ 
.. Touch, same hand. 
.| Touch, opp. hand . 


fixed 
fixed 
free 


18°54) 20 68) 20°82 


17°16) 21°20) 22-22) 24°01 
21°86; 21°49) 20°49) 28°70 


23°65) 24°65) 21°88 
27°10) 24-00| 22°61 
26°25, 28°89| 24°61 


Average error in each series 


18-06 17°76 19°88] 22°55 


23-01 23°86 


In this set of experiments a spot of light was used as the object for localization. 
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A study of these tables, and especially of Table VIIL,, in which the | 
average errors of the different methods of localiontion” are brought 
together for comparyison, makes it evident that the most accurate spatial 
knowledge is obtained by direct vision. At all the intervals the average. 
error was less when the position of the object was determined in this 
way than by any other method. The effect of fixing the position of the 
head is to diminish the accuracy of the localization, but even under 
these circumstances the errors are in nearly every instance less than those _ 
met with in the other methods of experimenting. 

The method next in accuracy is that of localization by touch with the, 
same hand by which the movement in search of the object is executed, 
the head being free to move. It may at first sight seem surprising that 
this method should be less accurate than that of direct vision. 

It would be reasonable to suppose that the position of an object 
having been once determined by the sense of touch, it would be possible 
to place the hand a second time upon it with greater precision than would 
be possible when the position had been determined by the sense of sight. 
That the reverse is the case is probably to be accounted for by the fact 
that in our daily life all our movements are guided by the sense of sight 
to a much greater extent than by the sense of touch. 

Next in order of accuracy of localization come the two sets of 
experiments with indirect vision, that performed with reflected sunlight 
giving results slightly inferior to those of the other set. In both these 
sets the head of the observer was fixed by the method and for the © 
reasons above described ; and in both the results are slightly superior to 
those of the next set in which the position of the object was determined 
by the same hand with which the movement in search of it was made, 
but in which the head was fixed in order to introduce conditions similar 
to those under which the experiments with indirect vision were performed. 
Least accurate of all the methods employed is that of touch with the 

opposite hand, As compared with that of direct vision the average 
error of all the intervals is 24°61 mm., against 17:11 mm.; but if a 
comparison is made at that interval at which the greatest accuracy is 
attained—viz., the 2" interval, it will be seen that the average error is 
12°37 mm. for determinations by direct vision, against 21:49 mm. for 
determinations by touch. These figures do not differ very widely from 
those. obtained in the preliminary investigation above described. It 
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should be here remarked that the relative positions in the scale of accuracy 
assigned to the methods of indirect vision and of touch with the same 
hand have been determined by averaging all the observations in all the. 
series, and that if the comparison is made between the same series in 
different sets, very varying results will ves obtained, according to the 
series 

Moreover, the differences between these methods, as expressed i in the 
column of general averages, are small in amount. 

It is therefore probable that an increased number of observations 
might lead to some modification of the conclusions above formulated. It 
seems, however, to be sufficiently well established, that of the methods 
here employed for determining the position of objects around us, that 
of direct vision gives the best results, that of touch with the opposite hand 
the worst, and that the other methods occupy intermediate positions. 

It seems also evident that fixation of the head, as above described, 
diminishes the accuracy with which objects around us can be localized. 

Effects of Time.—A comparison of the results obtained in the 
different series of observations shows that in the Ist, 2nd, 3rd, and 4th 
sets the smallest errors were obtained in the 2”, in the 5th and 6th sets 
in the 0”, and in the 7th set in the 4" series. The average errors in 
all the observations of a given series, irrespective of the sets to which 
they belong, are given in the lowest line of Table VIII. 

From these figures it would seem that when an observer having 
determined the position of an object, either by sight or touch, waits two 
seconds with closed eyes before making a movement in its Tirecion, the 
average error will be a little less than when he makes the movement as 
soon as he has determined the position of the object. In other words, it 
seems that when a mental image of position in space has been formed, its 
accuracy and definiteness increase for a brief interval, and then gradually 
diminish. 

In order to investigate this phenomenon a little more accurately, 
two other sets of experiments with direct vision were undertaken, each 
consisting of five series of 100 experiments each, in which the interval 
was 0, 1, 2,3,4 seconds respectively. These experiments differed from 
those heretofore described in the fact that the object used was a card on 
which concentric circles, 5 mm. apart, were drawn, as shown in the 
accompanying figure, Pl. XVII. A black spot 5 mm. in diameter in 
the centre served as the point on which the eyes were fixed, and toward 
which the movement of the hand was directed. A needle set in a handle 
was used instead of a pencil, and the distance from the central point of 


ths 
¥ 
‘ 
i 
¥ 
te 
4 
ie 
| 
i? 
¥ 
iva 
ti 
i+ 


244 I. P. BOWDITCH AND W. F. SOUTHARD. 


the holes thus pricked in the card could be easily read off by the aid of 
the concentric lines. 

The time required for taking a set of observations was thus materially 
diminished. The two separate sets of experiments with direct vision 
which were made by this method gave-the same result as regards 
the influence of the lapse of time, but the absolute values of the average 
errors in the first set were uniformly greater than the corresponding 
values in the second set. This is probably to be accounted for by the 
fact that the first set of experiments was made under rather unfavourable 
circumstances, in a low, badly lighted room, where the observer was 
subjected to frequent interruptions, while the second set was made in 
one of the laboratory rooms, and under the same conditions as in the 
experiments previously described. 

The following table shows the average errors in each series of the 
two sets of observations, and also the observations in each series in both 
sets together :-— 


Table IX. 


LOCALIZATION BY DIRECT Vision. (HEAD FREE.) AVERAGE Errors 
(IN MM.) IN THE DIFFERENT SERIES. 


Ist set — 15°75 


14°48 14°45 1776 | 19°51 


Qnd set ...| 14:94 13°63 12°36 18°84 15'18 
Average... | 15°34 | 14:05 13°40 | 1405 | 17°84 


An examination of these figures shows that with the increase of the 
interval between the determination of position of an object and the 
attempt to place the hand upon it with closed eyes, the accuracy of this 
movement at first increases and then diminishes, the maximum of accuracy 
being attained after an interval of two seconds. 

From the figures contained in Table VIII.-or Table [X. a curve may 
be constructed having for abscisse the intervals of time in the different 
series, and for ordinates the average errors in the movement towards the 
object. A curve of this sort will be found to descend slowly towards 
the abscissa, reaching its lowest point at two seconds, then to rise 
rapidly at four or six seconds, and subsequently to continue its ascent 
at a slower rate. Such a curve, which may be called the curve of 
forgetfulness, gives a graphic representation of the effect of time upon 
the accuracy of a mental image. 
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Conclusion. 


In conclusion it should be stated that, with the exception of the 
preliminary set of sixty trials, all the observations recorded in this paper 
were made by one of the writers (Dr. 8.), who entered upon the 
investigation without any preconceived theory upon the subject, and 
who devoted himself to the research at various intervals during fifteen 
months. Great care was taken to avoid the influence of fatigue, by 
never continuing the observations more than half an hour at any one 
time, and also by alternating the different series of observations with 
each other. As a rule, no more than ten trials in any one series were 
made in succession. In this way any effect which practice might have 
in increasing the accuracy of the movement was distributed through the 
whole body of observations. The results having been obtained entirely 
on one individual, are, of course, liable to a personal correction, and it 
would be a very interesting extension of the research to inquire how far 
the various occupations of life affect the accuracy with which the move- 
ments in question can be executed. It might, perhaps, be expected that 
the power of the blind to determine the position of objects by the sense 
of touch, would be found, when tested in this way, to be much greater 


than that of persons possessed of sight. ‘A few preliminary experiments, — 


however, which have already been made, seem to indicate that this is not 
the case. It is much to be regretted that the data from which the con- 
clusions in this paper have been drawn are not more numerous. 

At the outset it was believed that one hundred trials in each series 
would be enough observations to furnish accurate average values for 
purposes of comparison. The result has shown that this is hardly the 
case, and were it not for the necessary departure of one of the writers 
(Dr. 8.) from this part of the country, an attempt would be made to 
enlarge the experimental basis upon which the conclusions rest. Im- 
perfect as is the investigation, it is presented as indicating a new method 
for studying and comparing the data furnished by our senses, and for 
expressing numerically the accuracy of the mental function, memory. 
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ON THE DESTRUCTION OF FERMENTS IN THE ALI- 
MENTARY CANAL. By J. N. LANGLEY, M.A, Fellow of 
Trinity College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


We know that during digestion much saliva, gastric and pancreatic 
juice flows. into the alimentary canal. All of these secretions contain a 
considerable amount of ferment chiefly either amylolytic or proteolytic. 
We know, however, very little of the fate of these ferments: a small 
amount of each is found in the feces, a small amount also in the urine ; 
but these amounts taken together make but a small fraction of the total 
amount which is received by the alimentary canal during digestion. 
The experiments to be presently given show, I think, that the 
amylolytic ferment secreted by the salivary glands is 
destroyed by the hydrochloric acid of the gastric juice, 
that the proteolytic and rennet ferments secreted by the 
gastric glands are destroyed by the alkaline salts of the 
pancreatic and intestinal juices and by trypsin, and that 
the proteolytic and amylolytic ferments secreted by the 
pancreas. are not improbably destroyed in the large 
intestine by the acids formed there, 


Tae AmyLoLytic FERMENT OF THE SALIVA. 
It has been hitherto generally held that ptyalin on passing into 
the small intestine, where the reaction is alkaline, regains the power of 
turning starch into sugar, a power which had been more or less suspended 
by the acidity of the gastric juice. Consequently the discussion has 
usually turned on the degree to which the activity of the ptyalin is 
suspended by the acid of the gastric juice in the first hour or so after 
the ingestion of food. It has even been doubted whether the acidity of 


the stomach contents ever becomes great enough to ae stop the 
amylolytic action. 
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Schiff! came to the conclusion that acids did but arrest the action 
of ptyalin and that on neutralizing the solution it could convert starch 
into sugar as actively as at first.. Moreover, he was of opinion that the 
percentage of acid required to check the amylolytic action was higher 
than the percentage of acid normally present in the gastric juice. 
Schiff then considered that the ferment continued to act in the stomach 
although perhaps somewhat less actively than in the mouth or in the 
small intestine. In the experiments mentioned by Schiff acetic and 
tartaric acids only were used ; it is probably due to his having omitted to 
try hydrochloric acid that he arrived at the above-mentioned results. 
Briicke? found that the conversion of starch into sugar by ptyalin went 
on in a solution containing 0°05 p. c. HCl, but ceased when the solution 
contained 0:1 p. c. HCl. Unfortunately Briicke gives no details as to 
the amount.of sugar formed in the first case ; it is obvious that the 
ferment. might be rapidly destroyed and yet previous to its complete 
destruction convert some starch into sugar. That in fact dilute hydro- 
chloric acid destroys ptyalin may be easily seen by warming a ptyalin 
solution for some hours with it, The neutralized solution is then 
entirely without effect on starch. I have tried the effect of HCl 0:2 
to 0°04 p. c. at 85°—40° C. for times varying from 24 to.7 hours. In 


each case the ptyalin was destroyed. The lh — may be 


taken as an example :— 


EXPERIMENT I, 


Effect of Warming Ptyalin (Rabbit) with HCl 0°2 ; 0°1 ; 0°04 p.c. ; te 7 Hours. 


Both parotid glands of a small young rabbit were chopped up and placed 


- 30 c. c. sodium chloride solution of 0°75 p. c. In 3} hours the extract was 


Action of Eatract before Treatment with Acid. 


c, extract + 8c. ¢. water + 1¢.c. 4p. c. starch’. Place at 
37° C. In 8’ the fluid becomes fairly transparent. 

In 6’—take 5c. c. (a) + 2c. c. NaHO + 1 drop dil. CuSO,, boil ; the 
fluid turns bright sacl and on the addition of more CuSO, a copious yellow 
precipitate comes 


2 Schiff. Lecons sur la Physiol. de la Digestion, T. 1., p. 158, et seqg., 1868. 

2 Bricke. Vorlesungen, Zweite Auf., 1., 8. 280. Some other observations on this 
subject are given by Maly in Hermann’s Handbuch d. Physiol., Bd. v., Th. 1., 8. 33. 
As I have not the original papers mentioned by Maly it would be neeless for me to 
discuss their contents. 

* Foster in 1867 (Jour. Anat. and Physiol., 1., p. 109) noted that strong acids and 
alkalies destroy ptyalin. 

* I use the pure potato starch recommended by Roberts. Proce. Roy. Soc., No. 213, 
p. 147, 1881. 
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In 8'—add iodine to rest of (a) ; produces a red-violet colour. 


Thus 2 c.c. of the extract convert in about 6’ nearly the whole of the 
starch into dextrin or sugar, the amount of sugar being considerable. 


‘Action of Eatract after Treatment with Acid. 


Three portions of the extract (5c. c. each) taken, and dilute HCl added 
to them, so that whilst the total bulk of each = 10 c.c. the percentage of 
HCl in them is respectively 0°2 ; 0:1; 0°04. 
~ "These are left at 85° G. for seven hours. At the end of that time they are 
all made slightly alkaline ; toeach 1 ¢. c. 4p. c. starch added. Place at 37° C. 
In'80'—1 ¢.c. of each tested for sugar with NaHO + CuSQ, ; no trace of 
sugar. 


In 1 hour—5 c. c. of each similarly tested ; no trace of sugar. 
In 3 hours—1 c. c. of each similarly tested ; no trace of sugar. 
To 1 c. c. of each add iodine ; an intense blue colouration results. 


From the above experiment it will be seen that a ptyalin-containing 

fluid capable of converting a considerable: amount of starch into sugar 
in a few minutes, is incapable, after treatment at 35° C. with 
HCl 0:04 p.c. for seven hours, of converting any appreciable amount 
of starch into sugar in three hours. 

In all the rabbits that I have observed the fluid in the stomach 
reddens litmus paper very much more deeply than does HCl 0:04 p.c., 
_ and from this we may conclude that at any rate by the end of gastric 
_ digestion the amylolytic ferment of the saliva is destroyed. 

In order to observe the rate at which ptyalin is destroyed, I have 
made experiments in the same manner as that given above, except that 
instead of examining the ferment-solutions after the lapse of some hours, 
I have examined them after 5’, 15', 30’, and so forth. From such 
experiments it results that the destructive action of even very dilute 
acids is extraordinarily rapid. 


EXPERIMENT II, 


Effect of Warming Ptyalin (Rabbit) with HCl 0-014 p. for 5". 
Both parotids of a small young rabbit were cho up, and placed in 
30.c.c, Na,CO, 0°6 peed 


Take 4 portions of extract (a), (b), (c each of 5 c.c. 
(a), (0), (0), (d), 


(Take 5c. ¢, extract, find that it is neutralized by 8:1 c. c. HOI 0-4.) 
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4.15. Add to (a) 8°35 c. c HCl 0°4 ; clear, acid. 
-neut., perhaps inclining to acid. 
c) 2°85 pe cloudy 
\ alkaline. 


4.20, Add to 1 cc. Na,00,1°%,, 
» + 
(c)050 ,, + 1° 

£4 


Thus each now is slightly alkaline, and consists of 9:35 c. c. fluid, (a) 


having been > cages for five minutes in a slightly acid solution (0°014°/, H l) 
at temp. 39° C 


4.27, Add to each 1c, c. 4°/, starch. 


4.40. Take 2 c. c. from each, add 1 c. c. NaHO and 1 drop dil. CuSO,. Boil. 


(>) (¢) (@) turn a bright yellow, and on addition of more CuSO, | 
give copious yellow pp. 


(a) blue tint, perhaps a trifle paler. 
To remainder in warm bath add drop iodine solution. — 


b red-violet. 
(a) deep bine. 


5.2. Test remainder (a) for sugar. Possibly trace. 


In this case there was at most 0°3 c.c. of 0°4°/, HCl in 9°35 c. c. fluid, 
that is, a percentage of 0°014 HCl or 14 parts HCl in 100,000 
fluid, yet this was sufficient at temperature 39° CO. to 
destroy in five minutes all but the barest trace of ferment. 
__ It is hardly conceivable that the percentage of acid in the fluid in the 
stomach should normally sink below this amount, and if it does not, 
in the rabbit at any rate there must be a rapid destruction of ferment 
immediately the saliva enters the stomach. 

I have not endeavoured to determine accurately the minimal per 
centage of HCl which is capable of destroying ptyalin; up to 0-005 
of HCl warming at 38° C. for 15 minutes causes little if any destruc- 
tion of ferment; above this amount the destructive action increases 
rapidly ; thus 0°01 p. c. HCl rapidly deprives a parotid extract of its 
amylolytic power. 

That the salivary ferment is really destroyed in the stomach is, I 
think, conclusively shown by treating a ferment-holding solution with 
gastric juice, or rather with the fluid found in the stomach of a just- 
killed animal ; as in the following experiment :— 
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EXPERIMENT ITI. 
Effect of Gastric Juice on Ptyalin (Rabbit). 


Rabbit, small, young. Immediately after death — and pylorus 
ligatured, and stomach cut out. Contents of the stomach put into a muslin 
bag and the fluid squeezed ont ; thus 15 c. c. of a greenish, thick, acid fluid 
are obtained. This is filtered through filtering-paper. 


The ids are chopped up and put into 30 c. c. water, and after 
1? hrs. filtered. 

2c. c. of the gastric juice are taken and found to be neutralized by 
2°15 Na.CO, 1 


4.5. Placed at 88° ©. I.—5c. c. parotid extract. 
II.—5 c. 
+ 4¢. c. water. 


4.25. Addedto I—5c.c.wate. | 
II.—5 c. c. gastric juice. 
¢. ¢. gastric juice + 4c. c. water. 
4.40 Addedto I.—02c¢.c. Na,0O,1°/, + water. 
IL.—40 ¢. ” + 1°06. ¢. Na,CO 2 
III.—1°5 c. ¢. + 3°5 c. c. water. 
Each now consists of 15 c. c. and each is faintly alkaline. 


4.50. Add to each 2 c, c. 4 °/, starch, 
Take three test tubes, pour into each 1 c. c. NaHO, and add 
5.0. 2c. c. of I., IL, LIT. respectively. Add drop CuSO, and boil 
giving yellow pp. on addition of more 


4° 
II.—Reddish-violet tint with a tinge of yellow ; similar yellow 
tinge produced by gastric juice to which no starch 
has been added ; cf. below. 
III .—-Blue ; to this add 0°25 c. c. (I.) ; boil ; fluid turns yellow. 
Thus J. alone contains sugar, | se 


5.18. 2c. ¢. I. + little iodine ; get yellow tint ‘of iodine only ; on pve | to 
ipa _ this two drops of IIT., a deep indigo colour is at once produ 


5.28. Take 8c. c. II. and III. ; no indication of sugar in either. 
6.30, Take 5c. c. II. and III. ;? trace of reducing substance ; ¢f. below. 


To remainder II. and III. add iodine ; deep blue et see no trace of 


violet. In III. starch apparently largely passed into soluble form. 


__In this experiment the detection of small amounts of sugar was made 
difficult by the presence of a substance in the gastric juice turning a dirty 
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yellow on the addition of sodium hydrate; moreover, the proteids present would 
probably prevent a mere trace of sugar from being recognized. 

These hindrances to the detection of sniall quantities of sugar were 
naturally most felt in the fluid in which the largest quantity of gastric juice 
was present, viz., (II.) and when larger quantities were taken (6.80). In the 
present experiment, however, this was of no consequence, -since if the smaller 
quantity of acid present in (III.) could destroy the ferment, the larger quantity 
in (II.) must also destroy it. The experiment shows, I think, that in (III.) the 
ferment was practically all destroyed, for at 5.0 (III.), which after boiling with 
NaHO + ©OuSO, was of a faint blue colour, lost at: once its blue colour in 
boiling with a small quantity of a sugar-containing solution. . 


Thus the diluted parotid extract retains at most but’a trace of its 
amylolytic power when it is warmed for fifteen minutes with one-tenth 
of its bulk of gastric fluid. | 

_ There can then, I think, be little doubt that no starch is turned 
into sugar by ptyalin in the small intestine; it remains to 
consider whether in the stomach during the first stage of digestion, the 
ptyalin previous to its destruction may not have some action on starch. 
We have seen that ptyalin is rapidly destroyed by hydrochloric acid, but 
it is of course possible that as long as any remains undestroyed it may 
turn starch into’sugar. To test how far this is the case, I have repeated 
Experiment I. except that I have added the starch ten minutes after the 
addition of the acid. No sugar was formed in eight hours. Hence 
either the rabbit’s ptyalin cannot convert starch into sugar in a 
solution containing HCl 0°04 p.c., or all the ptyalin is destroyed by 
warming it for ten minutes with HCl 0:04 p.c. Which of these is 
the case I have not sought to determine ; for either way it is clear that 
the amount of starch converted into sugar in the stomach can be at most 
extremely small. 

There are some observations which make it probable that in man 
there is no free hydrochloric acid in the stomach for about an hour after 
the ingestion of food. v.d. Velden’ found that for a time, varying from 
three-quarters of an hour to two hours, according to the amount of food 
taken, the fluid in the stomach although having an acid reaction 
gave no colour reaction with methyanilin violet or tropiiolin, i. ¢., no free 
hydrochloric acid was present. The contents of the stomach were 
obtained by means of the stomach-pump. Uffelmann? found a similar 
absence of free. hydrochloric in the case of a boy with a gastric fistula ; 
in this instance, free acid first appeared in 45 to 60 minutes after 
ingestion of food. : 


'v.d. Velden. Zeitsch. f. physiol. Chemie, 8.205. . 
* Uffelmann. Maly’s Jahresbericht u. d. Fortsch. d. Thier-chemie, 1880, 8. 302. 
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Ewald’, however, contests these views. According to him, 
methyanilin violet and tropiolin are not satisfactory tests for small 
quantities of hydrochloric acid when proteids are present. He states, 


moreover, that tropiolin, which is a more sensitive reagent than methyl- 


anilin violet, will not detect a smaller quantity than 0°25 p.c. hydro- 
chloric acid, even when unmixed with other substances. We have 
seen that in the rabbit a much less percentage of hydrochloric acid than 
this, is sufficient to destroy ptyalin. So far however as man is concerned, 
v.d. Velden’s statement that the gastric fluid does not for a certain 
time after taking food arrest the conversion of statch into sugar by saliva, 


_ would, if confirmed, prove that ptyalin has for a time some action in the 


stomach. v.d. Velden’s observations on this point are not altogether 
satisfactory, since he gives no details of the relative amounts of starch, 
saliva, and gastric fluid used. 

In the rabbit the stomach does not become empty between meals ; a 
large amount of acid fluid always remains in it. Consequently in this 
and similar animals an early digestive stage, in which there is no free 
hydrochloric acid can scarcely occur, and we must conclude that 
in these animals there is practically no conversion of 
starch into sugar in the stomach. | 


THe FERMENTS OF THE GASTRIC JUICE. 


The gastric juice meets in the small intestine with the secretions 
from the pancreas and intestinal glands. Both of these secretions are, 
as we shall see, capable of destroying the gastric ferments ; the 
pancreatic and intestinal juices owe their destructive power chiefly at 
any rate to their alkaline salts. Of these alkaline salts I have taken 
sodium carbonate as the representative and experimented with it only. — 


Pepsin. 


Kiihne* has briefly mentioned that dilute alkaline solutions destroy. 
pepsin. The following experiment will show that sodium carbonate has 
at the body-temperature a rapid destructive action on pepsin. 


| Ewald. Maly’s Jahresb. u. d. Fortsch. d. Thier-chemie, 1880, 8. 303. 

*Kiihne. Verhandh. d. Naturhist.-med. Vereins 2u Heidelberg, Bd. 1., 8. 193, 1877. 
Kihne does not give any details respecting the action of alkaline solution on pepsin. He 
mentions the matter somewhat incidentally in describing the action of trypsin on pepsin ; 
to observe this action, Kiihne says, a scarcely alkaline or better a neutral solution 


must be used, ‘‘ denn lingere Digestion mit selbst sehr verdiinnten alkalischen Lisungen 
zerstért an sich das Pepsin,’”” 
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EXPERIMENT IV. | 
Effect of Na,CO, 1:0; 0°5; and 0°1 °/, on Pots (Rabbit). 


The mucous membrane of the fundus and greater curvature of a rabbit 
was extracted with HCl 0:1 °/, for three hours at temperature 82°C. The 
extract was filtered, neutralized, and again filtered ; this filtrate I will call 
stom. extract. 


Take 
Stom. Extract Water Na,C0, 
1 + cco. +0 
+4 +1 of 1 °/, — thus solution 01 Na,00, 
8 + 25e.c. + 25c.c. of 2 %/, — 0.5 
(4 5c.¢c +0 ae t 50c of 2 °/, — ” 


These were placed at temperature 39° C. for 20 minutes. 

Then to 2 c. c. of each, 10 c. c. HO! 0°2 °/, and 1 ¢. c. of swollen carmine- 
stained fibrin were added. 

These were then placed at 89° C. and the amount of fibrin dissolved noted 
after Griitzner’s? colorimetric method’. 


wv ww 120) 
IV—V dissolved. dissolved. 
(2 0 >I ” >$ » 
te 0 0 0 Oo II 
4) 0 0 0 


It will be seen that whilst the pepsin present before adding sodium 
carbonate is sufficient to begin to Jissolve the fibrin in 5’, a like result 
is only obtained in nearly two hours when the pepsin solution has been 
kept for twenty minutes at 39° C. with sodium carbonate 0°5 p.c.; and 
that no solution of fibrin at all takes place in two hours when the pepsin 
solution has been warmed for twenty minutes with sodium carbonate 
1 p. 

Hence then when the acid of the gastric juice becomes 
neutralized in the small intestine, and the mixture 
becomes alkaline, the alkaline salts of the pancreatic 
and intestinal juices will rapidly destroy the pepsin. 

1 Griitzner. Neue ti. d. Bildung u. Aussch. d. Pepsins. Breslau, 1875. 

* The fibrin stained with carmine in the manner directed by Griitzner I usually 
preserve by adding to it a small quantity of ether? Fibrin preserved thus swells up 
rapidly in dilute hydrochloric acid, and is, in artificial gastric juice, readily soluble, 
although less so than freshly-stained fibrin. In order to add to the fluids to be tested for 
pepsin equal amounts of fibrin, I have some small glasses containing exactly one or more 
cubic centimetres, in one of these the stained fibrin is measured after it has been swollen 
by dilute hydrochloric acid ; all the separate quantities of fibrin required are, of course, 
measured out before any one is added to any of the fluids to be tested for pepsin. 
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The destruction of pepsin by sodium carbonate goes on very much 
more slowly at 15° C, than at the body temperature. 

We have seen that the destructive action of hydrochloric acid on 
ptyalin increases very rapidly with the increase in the percentage of 
acid: a similar feature is shown in the action of sodium carbonate on 
pepsin ; this is especially the case when the mixtures are kept at about 
15° C. instead of being warmed. After twenty hours at 15° C. the 
amount of pepsin destroyed by 0°3 p. c. does not differ much from 
that destroyed by 0°1 p. c.; in neither case is it great; whilst there 
is a very considerable difference between the amount of pepsin menace 
by 0°3 p. c. ce. sodium carbonate. 


| EXPERIMENT Y. | 
Effect Na,CO, 0°1 to 1°0 p.c. at 15°5 CO. on Pepsin (Sheep). 


Portion dried mucous membrane, stomach sheep, powdered, treated with 
50 c. c. 0°1 p. c. hydrochloric acid at 39° CO. for one our. Filter, keep filtrate 
at 89° C. for 15’, add 7°5 c.c. Na, CO; 2 p.c. ; slight cloudiness, filter ; yeaa 
(== stom. extract) i is slightly alkaline. 


Take 


(a) 5c. water — sol. slightly alk. 
4 + 1c.c. Na,CO,1 p.c — sol. 0-1 p.c.Na,00, 
c) 8 +2 — sol. 0°2 p.c. 
(d) 2 ” +3. » ” 5 —sol. 03 p.c. ” 
e) 1 +4 , . 38 —sol.0'4p.c. ,, 
5 oS —sol.O5p.c._,, 
ve at 155 C. for 21 hours. | 
Take 
a)’ 5c. c, water 
4 je + 1c.c. HCl 02 | Add to each 10 c. c. HCl 0°2. 
8 +2 Add to (a)'—(g)’ respectively, 5 
thy 2 9» + 3 ” c. c. (a)—(g) respectively, and 
(ey 1 then toeach, 1 c. c. of carmine- 
( 5 stained fibrin. 
(g)’ 5c. HCl 0-4 


These were at 38° C. and their relative rates of 
observed as in Exp. I. 


12° 25’ 365’ 45’ 
(a)' 
(d)' VII—VIII >X < (a)’ 
(dy vV—VI IX 
(f)! 0 , IV VI—VIT VIII 


(9)! 0 0 0 ae 0 
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The effect of alkaline salts I have also tested on the pepsin of cat, dog, 
and mole ; the destruction is rapid in all cases ; so far as I have observed 
there are no especial features in the behaviour of the pepsin in these 
animals. 

I have further tried the effect of sodium.carbonate on the pepsin of 
some lower vertebrates, viz. : frog, newt, snake, since it seemed possible 
that the pepsin might here behave differently. There is no great 
difference ; it has appeared to me, however, that in the frog the pepsin 
both of the csophageal and gastric glands is more rapidly destroyed 
than in mammals ; as yet I have not made very exact experiments on 
this point. | 

We have seen then that the alkaline salts of the pancreatic and 
intestinal secretions are able to destroy pepsin ; the question naturally 
occurs does the trypsin of the pancreatic juice aid in bringing about this 
result in the alimentary canal. 

Kiihne’ found that trypsin had no action on pepsin in neutra 
solutions. 

Mays’ also found that in a 0°01 per cent. salicylic acid solution 
in which trypsin readily digests proteids, pepsin was not robbed of its 
digestive power by trypsin. Since, however, the effect of trypsin in an 
alkaline solution had not been tried, it seemed to me worth while to 
test its effect in this its more normal condition. I found that the 
destruction of trypsin was distinctly hastened by the presence of trypsin 


VI. 
Effect of Glycerine Solution Trypsin (Dog) on Pepsin (Sheep). 


‘The glycerine extract was prepared from a pancreas which had been cut up 
finely, treated for 24 hours at 82° CO. with a small quantity of 1 p. c. acetic 
acid ; dried at 32° C. and powdered, 

The pepsin extract was prepared from the mucous membrane of a sheep. 
A portion of the mucous membrane was cut up, and after the addition of a 
little HCl 0:2 p. c., dried at 85°C, This was extracted with water. 


Take— 


1:25 (a) 2°5c.c. Pane. ext. + 2°5 c. c. water. 
b) 25 c.c. Panc. ext. + 2°5 c. c. water — boiled — cool under stream 
ol water 


1:80 Addto—(a) 2:5¢.c. Na,00,1°/, + 2°5c.c. Stom. ext. 
25 0.c, Na,0O,1°/, + c.c. Stom, ext. 


1 Kiihne. Verh. d. naturhist.-med. Vereins zu Heidelberg, Bd. 1., 8. 193, 1877. 
® Mays. Unters. a. d. physiol. Inst. d. Univ. Heidelberg, Bd. m1., 8. 378, 1880. 
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Then (a) and (6) are alike except that (6) has been boiled and thetrypsin 
in it destroyed before the addition of the alkaline salt and the —, 7 


(a) and (b) are kept at 89° C. for 44 hours. 


5..c. of each are taken, and added.to § c.c. 0-4*/, 4 20.0. 


caine ‘fibrin. Relative amounts of fibrin dissolved tested by Griizner’s 
scale:— 


5! 10! 15! 


(a’) O—I IML fibrin dissolved. 
(b') VII 2 fibrin dissolved. 


Here it is clear that (b') contains more pepsin than (q’), t.e. more 
pepsin has been destroyed by the alkaline salt plus sa date than by 
the alkaline salt alone. 

A similar result is obtained when the pepsin of dog or rabbit is used 
instead of that of sheep; and when the mixture contains a inated 
percentage of sodium carbonate. 

It will be noticed that trypsin does not at all rapidly heals pepsin 
much less rapidly, for instance, than sodium carbonate (0°5 p. c.). 

In the above experiment a glycerine extract of the pancreas was used. 
The result obtained is similar if an aqueous extract of the fresh pancreas 
be taken ; in this case, however, the experiment it somewhat complicated 
by the fact that the aqueous extract contains a large amount of albumen 
coagulable by heat.. When the extract is boiled in order to destroy 
the trypsin, the albumen coagulates and the fluid becomes more acid ; 
hence the same amount of sodium carbonate added to the boiled and to 
the unboiled pancreatic extracts makes the one less alkaline than the 
other. If, however, the amount of sodium carbonate added does not 
exceed 03 to 0:4 p.c., and the mixtures are kept at 15° C. a slight 
difference in alkalinity is not important unless the action of trypsin is 
very slight. We find that in an experiment carried out after this fashion 
there is much more pepsin destroyed by the mixture which contains 
trypsin than in that which does not (Exp. [X.). The greater destruc- 
tion of pepsin in the trypsin-containing mixture, although no doubt 
aided by the somewhat greater alkalinity of the solution, is much too 
great to be brought about by this cause alone (cf. Exp. V.). Never- 
theless, to avoid a possible error I have repeated the experiment, making 
the solution not containing trypsin distinctly more alkaline ; the result 


__ is the same, most pepsin is destroyed in the mixture containing trypsin. 
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EXPERIMENT VII. 
Effect of Trypsin (Sheep) on Pepsin (Sheep). 


Pancreas sheep after exposure six hours, cut up; 80c.¢. Ol acetic 
acid added, plus little thymol. Kept at 32°C. 23 hours. Excess of fluid 
poured off ; add water, put at 32° C. for two hours; filter. Filtrate — Pane. 
extr. 

Mucous membrane stomach sheep, treated for 2 hours with HCl 0°1 p. c. 
a filtered. Filtrate = stom. extr. 


(1) 10c.c. Pane. ext. boiled + Na,CO, 0°8 p.c. + 5 stom. extr. 


(2) 10 c.c, Pane. ext. + 5c.c. Na,CO, O'8p.c.+ 
(3) 10 Pane. ext. boiled + 5c.c. Na,CO, 0°'4p.c.+ 
(4) 10 c.c. Pane. ext. + 5c.c.Na,CO, 0'4p.c.+ 


Since the stomach extract here used was acid, the percentage of 
alkaline salt present in the mixtures is less than that corresponding to 
the amount added ; (3) and (4) give a very feeble alkaline reaction with 
litmus paper. 

Keep at 40° C. for one hour, then at 15°5° C. for 21 hours. 
Take 5 ¢.c, each + 5 c.c. HCl 0°4 + 1c. c. swollen carm. fibrin. 


10° 16’ 25" 35’ 50’ 
2y 0 0 0 0 0 >0 
(3)’ II—III >}fib.diss. diss. 
II IV—V >diss. > diss. 


It will be noticed that much more pepsin is destroyed in the 
solutions which contain trypsin than in those which do not, and further 
that more pepsin is destroyed in that (2)’ which contains 0:1 to 0:2 p.c. 
alkaline salt than in that (4)' which is only just alkaline. 

I have elsewhere shown that an aqueous extract of the gastric 
mucous membrane contains very little pepsin but much pepsinogen. 
Since the effect of trypsin on pepsinogen is not without interest I give 
the following experiment to illustrate its action :— 


EXPERIMENT VIII. 


| Effect of Trypsin (Pig) on Pepsinogen (Sheep). 


Absolute alcohol added to glycerine extract of pig’s pancreas, filtered, 
water added to residue, filtered = aq. sol: trypsin. 
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1) 5c. c.aq. sol. trypsin boiled + 5 c..c. Na, 00, p.c. + 5c.c.aq.ext.-stom. 
5c. aq. sol, trypsin + Na, CO, 0°2 p.c. + 
4) 5c.c, aq. sol. trypsin 
6) 5 c.c. water ~ Na, 00, 04 p. 0. + 
Leave at 15°5° 0. for 19 
“Take 5. c. each. Add 5 c. HOLO-4 + 1.6.0, swollen fibrin, 
5’ 10 20 30’ 50’ 
(1)! III. 3to#fib.dissd. fib. dissd. 
III. 4 to fib, dissd. 
0 0 


0 
5)’ ?<IIl. 
ey ?<II. <(1)’ 
Here it is in (3) and (4) both of trypsin, 
a great deal of pepsin had been destroyed ; in order to arrive at some 
idea of how much had been destroyed the following ality was 
made :— 
Take— 
lc. c. (2) + 4c. c. water. 
2 loc. (2) + 9c. c. water. 
(23) 1c. (2) + 19 c. water. 


Take 1 c, c. of each 2,, 2., 25, and 5 c. ¢. of (8). 
Add to each (2,), (22), 4c. c, water + 5c. HOI 
Add to (8) 5c. c. HCl 
_ Add to each, 1 ¢. c. ren: carmine fibrin. Place at 36° C. 
III 


» 


8)' 


Now here (2;)' contained w (2). 
And (3)' contained 5 c. c. (3) 


Nevertheless, (23)' dissolved fibrin distinctly more rapidly than (3) i.e., 
(2) contained 100 to 200 times as much pepsin as (3) ; this difference 
in the amount of pepsin contained by the two mixtures was due to the 
action of trypsin in (3). 

a In this experiment the loss of digestive power in (3) and (4) was not wholly due to a 
destruction of pepsinogen by trypsin, in alkaline solutions, slowly 
gives rise to pepsin. 
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It was shown by Hammarsten! that the rennet ferment is rapidly 
destroyed by very small quantities of potassium or sodium hydrate. It 
is also, like pepsin, destroyed rapidly at the body tem- 
perature by sodium carbonate, and to some extent by 
trypsin; and hence we may conclude that the rennet fer- 
ment, like pepsin, loses its ferment power irrecoverably 
in the small: intestine. 


EXPERIMENT IX. 
Effect of Na,CO,1°/, on Rennet* Ferment (Rabbit). 


Mucous membrane of stomach of rabbit extracted for 8 hours at 32° CO. with 
HOl 02 °/,—extract filtered—filtrate neutralized—and then made very faintly 
alkaline. 


(a) 5c. ¢. stomach extract + c. Na,CO, 2 °/,. 
This was kept at 39° C. for 2 hours; then 10 c. c. HCl 0°2 °/, added. 


(b) 5c. c. stomach extract + a mixture of 5 c. c. Na,0O, 2 °/,, with 10. c. 
+, 


Neither mixture is strongly acid. It will be noticed that the only difference 
between (a) and (d) is that in (0) the sodium carbonate and hydrochloric 
acid were mixed before adding to the stomach extract, whilst in (a) the 
sodium carbonate was added to the stomach extract before the hydrochloric 
acid; the extract being warmed with the alkaline salt for two hours before 
the addition of the acid. If then sodium carbonate destroys the rennet 
ferment, (a) will produce little or no clot on adding it to milk. - 


(i) Take. | 
5¢.¢.(a) + 5c. c¢. milk. 
5e¢. (6) + 5c. c¢. milk. 
8.35 Place at 88° C. 
(@’) 


8.374 Jelly .. No change. 


3.384 Fairly firm clot, test-tube can be turned upside down No change. 
5.40 Clot has shrank to about 4 bulk of . .  . Nochange. 


No change. 
1 Hammarsten. Maly’s Jahresb. u. d. Fortsch. d. Thier-chemie, 1872, 8. 121. 
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(2) Take — 

(a”) 

10¢.¢. (6) + 5c. ¢. milk, 
3.40 Place at 38° C 

(a") 

3.414 Jelly No change. 
3.52 hasshrank half way from bottom of tsi tube No change. 
8.56 Clot at top = 4 of bulk (0”). No change. 
4.10 Clot k to vs bY. . No change. 
7.0 : .  Notrace of clotting. 


Thus a solution (2) of producing a clot in 
milk in one minute and a half is prevented from producing any trace of 
clot by warming the solution with 1 p.c. sodium carbonate for two 
hours. 


EXPERIMENT X. 
Bfect of Bile and Na,CO, 0°1 °/, on the Rennet Ferment (Rabbit). 


A hydrochloric acid extract of the stomach of a rabbit taken, and made 
faintly alkaline. | 
(1) 5 .¢.c. stomach extract + 5 
» + 5c Na,CO, 02 
(3) 5 ec. » + 5 ¢.c. decolourized bile. 


These were placed 39° C. for 20 minutes. 


5 c. of each were taken + 1c. c. HO10°2 + 5c. c, milk = II, 
respectively. Temp. 39° C. 
4‘  ],.—Fairly firm jelly. 
10‘ I.—Clot shrunken somewhat and squeezed out a good deal of serum. 


25' I.—Clot shrunken } inch from bottom of test tube and a good deal 
from the sides. 


IL—Not very cohesive jelly. 
50° I.—Clot shrunken, § to % expressed serum. 
adie a aca serum at top, and here and there at side of test 
tube. 


85' III.—No trace jelly or clotting. 


How far in the above experiment the effect produced by the bile is 
due to a simple precipitation of the rennet ferment ! must, for the 
present, leave undecided. 

Trypsin also destroys rennet ferment: the experiment is here 
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complicated by the facts that pancreactic extract is in favourable 
circumstances able to coagulate milk, and that trypsin even in dilute 
acid solution acts on the casein. 3 

Trypsin has a similar action on rennet-zymogen ; its action both on 
rennet-ferment and rennet-zymogen seems to be less active than its 
action on pepsin and pepsinogen. | 

The rennet-ferment both of the oesophagus and stomach of the frog 
is also destroyed by the same agents which destroy the rennet-ferment of 
of mammals. It is, I think, unnecessary to give details of this action. © 

It has been long known that an acid reaction at times prevails in the 
small intestine. Lately Cash! has found that in dogs killed four hours 
after a meal of fat and starch, the contents of the small intestine from 
beginning to end have an acid reaction; apparently this is chiefly due 
to the formation of fatty acids. These experiments were made by Cash 
to determine how far the pancreatic juice is necessary for the absorption 
of fat. They say nothing about the reaction of the contents of the small 
intestine when the diet is normal. In rabbits taken at various stages of 
digestion I have never seen the acid reaction stretch farther than the 
entrance of the pancreatic duct. Past the entrance of the duct the reaction 
becomes more and more distinctly and strongly alkaline ; usually it is 
distinctly alkaline within a few inches of the pylorus. 

There is no difficulty in showing that the fluid in the small intestine 
is capable of destroying pepsin and rennet ferment. In making such an 
experiment, I have collected the contents of the small intestine, placed 
them on muslin, and collected the fluid which drained through, and then 
filtered through filtering-paper either with or without the previous 
addition of water. The filtered fluid when warmed with a stomach- 
extract containing pepsin and rennet ferment soon destroys the ferments. 


EXPERIMENT XI. 
Rifect of the Fluid in the Small Intestine on Pepsin (Rabbit.) 


Take the small intestine from a just-killed rabbit ; collect ter part 
of contents, and pour on muslin; collect fluid that drains through the 
muslin== 5c¢.c. To this add 5 c.c. water, and filter through filtermg-paper. 
 Filtrate = Int.-f, 

Take small portion mucous membrane of stomach of the rabbit, extract with 
dilute HCl for 30’, filter, neutralize filtrate, again filter. Filtrate stom. extr. 


1 Cash. Du Bois Reymond’s Archiv f. Physiol. 1880, 8. 323. 
PH. Ill. 18 
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Tae OF THE PANCREATIC JUICE. 


The effect of gastric juice on the ferments of the pancreas is of 


- importance partly because the pancreatic juice in the duodenum must be 


more or less mixed with gastric juice coming from the stomach, and 
partly because in medical practice oe extract is sometimes given 
with food to aid digestion. 


Trypsin. 


Kiihne! found that trypsin was digested by pepsin, and pointed 
out that HCl at any rate above 0°05 per cent. was injurious to trypsin : 
“fiir das Trypsin ist 0°5 p. m. die Grenze bis zu welcher es ohne 
Schaden in Verdauungs temperatur sauer erhalten werden kann.’’? 

Engesser’® found that a pancreatic preparation was uninjured in its 
tryptic power by two hours’ digestion with gastric juice containing 0°5 
per cent, HC]. This preparation he supposed to contain only zymogen 
and no trypsin, but as was pointed out by C. A. Ewald‘, both the 
method of preparation of the “ zymogen” and its subsequent treatment 
with acid can scarcely leave a doubt that during the latter parbat any rate 
of the digestion with acid, trypsin only and no zymogen was present. 
Engesser’s experiment then can only be taken to mean that trypsin is 
not in one to two hours’ digestion injured by gastric juice. The ex- 
periment was repeated by Ewald, who found that in three hours’ 

'Kihne. Verh. Naturhist.-med. Vereins cu Heidelberg, N. F.1., 8. 193, 1877. 

2 Op. cit., 8. 193. 


3 Engesser. Maly’s Jahresd. u. d. Fortsch. d. Thier-chemie, 8. 297, 1880. 
4C. A. Ewald. Maly’s Jahresb, u. d. Fortech. d. Thier-chemie, 8. 297, 1880. 


262 
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digestion the whole of the trypsin was destroyed. Ewald did not 
separate the action of acid and pepsin upon trypsin, although he found 
that the greater the amount of pepsin the more rapidly was the trypsin 
destroyed. He found, however, that trypsin could digest fibrin in 
03°, HCl. This latter experiment of Ewald was repeated by Mays? 
with a like result, but. according to Mays the digestion can only take 
place in 0°3°/, HCl when a relatively large proportion of fibrin is 
present. Mays also cited experiments to confirm the earlier brief state- 
ment of Kiihne, viz., that trypsin is | destroyed both by pepsin and by 
acids. 

Since Mays’ experiments are the only ones Iam acquainted with in 
which any details are given about the destruction of trypsin by acid, I 
give the following experiment conducted on a somewhat asia method 
from that of mayen — 
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The preceding experiment shows that a glycerine extract of the 
pancreas when warmed for two and a half hours with HCl 0°05 p.c. 
loses a very appreciable amount of trypsin. 

Since then trypsin is destroyed both by HCland by pepsin, it is 
extremely unlikely that pancreatic extracts given with food are of more 
than very slight value; for little if any trypsin can pass into the 
duodenum, there to carry on a digestion of proteids. It is true that a 
slight digestive action may go on in the stomach during the first hour or 
so after a meal when the percentage of acid is small, but even then the 
action is very slow, very much slower than would be the case if a pepsin 
extract were given. Further, it cannot be much more advantageous to 
give zymogen than to giving trypsin. Since, supposing for a moment 
that the zymogen is not split up in the stomach into trypsin, how can 

it be split up in the small intestine where the alkaline solutions tend to 
keep it intact. 


The Amylolytic Ferment of the Pancreas. 


An extract of the pancreas rapidly loses its amylolytic power when 
warmed with dilute hydrochloric acid ; it loses <its power more rapidly 
than does trypsin under similar circumstances, but curiously enough in 
the rabbit, at any rate, much less rapidly than does the amylolytic 
_ ferment of the parotid. Besides hydrochloric acid alone I have tried the 
effect of gastric juice: when equal volumes of the fluid expressed from the 
stomach ccntents (rabbit) and ofa pancreas extract are mixed and warmed, 
all or nearly all the ferment is destroyed in a few minutes ; if however, only 
one volume of the gastric fluid is added to nine volumes of pancreas 
extract, the destructive process oes on very much more slowly. The 


difference in the rate of destruction of the amylolytic ferments of the — 


parotid and of the pancreas may be seen "7 comparing experiments 
and XVI. 


Experment XIII. 


Effect of HCl 0°4 to 0°1 p.c. on the Amylolytic Ferment of the Pancreas (Sheep). 


Pancreas cut up and placed in 94 irit ; a portion of this dried at 
88° C., powdered, and an aqueous 
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Take— 
Pane, ext. 
+ 
+ 
5cac. + 
+ 


1.5. Put at 40° C. 


1.45. Take 2 c. c. each (2’), (8’), To each add 5 c. c, Na,CO, 
0°6 °/, + 2c. c, of starch 8 °/,. 40° ©. 
In five minutes—(1’) transparent, rest batted from starch. 
10 min. Take 2 ¢. c. each, test with Trommer’s test for sugar. 
1’), Contains sugar. 
(2'), (3), No trace of sugar. 
85 min. pe? c. each—test with iodine. 
(1’). Dark red only. 
(2'), (8°), (4’). Deep indigo. 
90 min. = remainder 1’—4’, add to each 2 c. c. NaHO + 2 drops 
or os t yellow ; on adding more CuSO, copious 
Yellow ; on adding more CuSO, slight ht pp. of 
x Light yellow. 
. Just turns yellow. 


3.40. Remainder (1), (2), (3), (4). Each + 5c.c. Na,0O, 8 p.c. 


3.45. Add to each 5 c. c. epee c. Put at 39°C. 
24 hours. Test 5 c. c. each for sugar as before. 

(1).. Copious pp. 

(2). Some pp., but very much less than (1). 

(8). Nearly decolourizes one drop dilute CuSO,—faint 

yellow tinge. 
(4). de decolourizes one drop dilute CuSO,—remains 
ue 


22 hours. Test remainder with iodine. 
1). Just trace starch—colouration faint only. 
s Deep indigo—soon turning violet in alk. solution. 


Tntense indigo, 


EXPERIMENT XIV. 
Effect of Gastric Juice on Amylolytic Ferment of Pancreas (Rabie). 


ueous extract of the pancreas was prepared ; as gastric juice was taken 
wa fiui pressed out of the stomach. contents of a just-killed rabbit, This 
was the same as that used in bee IIT., where the effect of gastric juice on the 
amylolytic ferment of the tid was tried. This Exp., then, and Exp. IIL, 
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afford a basis for comparing the relative destractibility of the 
ments of the pancreas and parotid by — juice. 


I. 5. c, Pane. extract + 0 + 5c. c. water. 

+ 2c. gastric juice + 8 c. c. water. 

Ill. 1 gastric jaice + 4 c. c. water. 


4.15. Put at 38° C, 5.21. Gastric juice and water added. 


ee I, If, and III were made es alkaline ; and water added a! to 
5 ¢. 


Thus (II.) and (III.) were warmed with the gastric juice for twenty 


minutes— 
(III.) Containing 1 part of gastric juice in 10. 
(II.) Containing 1 part of gastric juice in 5. 
(I.) Was warmed for twenty minutes with water instead of gastric 
juice. 
5c. of ) (II.), (III.), were taken (= TI’, IT’, III’), and 2 c. c. 
4°/,8 tarch added to each, and the mixtures placed at 38° 8° C. 
In 10 minutes 1 c. ¢. of each was tested for sugar with Trommer’s test. 
l’.—Bright yellow. 
Il’.—Remains blue. 
ITI’.—Turns slowly yellow. | 
To I’. and III’. one drop more CuSO, added, and re-boiled. 
I’.—Yellow precipitate. 
III.—Blueish tint. 
In 12 minutes iodine is added to 1 c. c.—each I’, II’, III’. 
I’.—Deep violet. 
Il’.—Deep indigo. 
ITI’.—Deep blue with some violet. 
On the next day II’. was still free from sugar. 


Griitzner’ has pointed out that the pancreatic ferment which splits 
up fat is destroyed by acid; we have seen that the proteolytic and 
amylolytic ferments of the pancreas are similarly destroyed. In the 
rabbit the unabsorbed food in the cecum is slightly but distinctly acid, 
the acid reaction is rapidly lost in the large intestine. We know that 
the food material after leaving the small intestine stays for some hours at 
least in the cecum. Hence then it is not improbable that in the rabbit 
a considerable amount of the pancreatic ferments is destroyed in the 
cecum. At the same time it is to be remembered that the acidity is, so 
far as we know, due to organic acids, and these have a much less 
'Griitzner. Pfliger’s Arch., 8. 302, 1876. 
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destructive effect than mineral acids on the ferments. In other animals 
in which the cecum is not so largely developed as in the rabbit, the 
contents of the large intestine are usually said to be acid. “Whether this 
is always the case and if so whether the acids present are sufficient to 
destroy the pancreatic ferments, I must leave undetermined at present. 
Should it result that the pancreatic ferments are so destroyed, then the 
general fate of the ferments in the alimentary canal would be expressed 
by saying that the ferments secreted by the glands of any one section of 
the alimentary canal are destroyed in the succeeding section. 
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ON THE HISTOLOGY OF THE MAMMALIAN GASTRIC > 
GLANDS, AND THE RELATION OF PEPSIN TO THE 
GRANULES OF THE CHIEF-CELLS. By J. N. LANGLEY, 
M. A., Fellow of Trinity College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


THE account given in the following pages will be perhaps more readily 
followed if the general points which they aim at proving are at once 
given. They are directed to prove : 

That the gastric glands in life contain no ferment 
but much zymogen or substance capable of giving rise 
to ferment. 

That by far the greater part of the zymogen can be 
seen in the chief cells in the form of granules. 

That during digestion the granules are usually used 
up in such a manner as to give rise to an outer non- 
granular and an inner granular zone in the chief-cells. 

It will be seen that these points if proved establish certain funda- 
mental resemblances in life-habit between the chief-cells of the gastric 
glands of mammals, the cells of the gastric glands of the lower verte- 
brates’ and the of the pancreatic gland’. 

Some parts of this paper are to be considered only as preliminary to 
a later fuller account. Thus I have but briefly touched upon the changes 
which take place in the glands during digestion. I hope to treat of 
this separately, giving at the same time figures illustrating the histo- 
logical points mentioned here. 


a Langley, Proce. Roy. Soe., No. 212, 1881. (Abstract.) The full paper will appear 
in the forth ‘Transactions. 


* Heidenhain. Pfliger’s onions Bd. x., 1875. 
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Histotocgy oF MAMMALIAN GasTRIC GLANDS. 


There are two points to which I wish to draw attention in the 
structure of the glands, viz., the variations in number and position of 
the border and chief-cells in the different stomach regions, and the 
presence of granules in the chief-cells. — 

In the rabbit the variations which occur in the structure of the gas- 
tric glands in passing from the fundus to the pylorus have been already 
described by Sewall and myself?. Our observations were made upon 
the fresh glands since we were unable to find any reagent which pre- 
served the chief-cell granules. The observation of the glands in the 
fresh state, although not without advantages has also certain obvious 
and serious disadvantages. 

I have since found that in some. mammals the chief-cell granules are 
preserved by osmic acid. It is the gastric glands of these mammals 
that I wish to give an account of here; the account I give is drawn 
from the observation of osmic acid preparations chiefly ; in all cases the 
glands have been examined in the fresh state also, in order to ascertain — 
how nearly the living appearances are preserved by reagents. 

There are one or two common points in the glands of the different 
animals which may be first mentioned. The border-cells*, homogeneous 
or of a ground glass appearance in the fresh state, show after treatment 
with osmic acid a network more or less obvious although much less dis- 
tinct than that obtained by other methods of treatment*®. This network 
under certain circumstances gives the cells a granular aspect. The two 
kinds of cells are differently tinted with osmic acid: the border-cells 
tend to a brown-black, the chief-cells to a yellowish-brown tint. The 
tint of staining of the chief-cell granules is, in fact, that of the granules 
in the cesophageal glands of the frog, and in the anterior oxyntic glands 
of the toad, newt and snake. 


Gastric Glands of the Mole. 


Fundus.—The cylindrical cells of the surface of the mucous mem- 
brane are long and narrow, they are confined to the mouths of the 


Proce. Roy. Soc., No. 198, 1879; and Foster’s Journal of Physiol, p. 1879. 
Border-cells = of Heideshais. 


* Of. Klein. Quart. Med. Science, N. 8., x1x., p. 157, 1879. 
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glands ; in most cases they can be easily separated as a thin continuous 


_ sheet from the rest of the mucous membrane. 


At the neck of the gland the cylindrical cells are suddenly succeeded 
by the border-cells ; these occupy one half to two-thirds of the gland 
they have not the usual ovoid shape, but are rather long and rectangular 
with a relatively small nucleus placed either in the middle of the cell or 
towards the side adjoinin g the lumen. 

The border-cells are in their turn suddenly succeeded by the chief- 
cells which occupy the extremity of the gland, here there are usually no 
border cells, when they occur they lie on the outside of the chief-cells 
more or lee half-moon fashion. The chief-cells contain granules, which 


in the normal hungry state lie densely packed throughout the cells. 


Greater curvature.—The glands differ but slightly from those of the 
fundus, the chief-cells are rather fewer and border-cells are more 
frequently found amongst them. 

Intermediate region—The chief-cells almost or entirely disappear, 
and the border-cells are left to form the gland from the neck to the 
extremity ; the cylindrical cells stretch rather farther down the gland 
than in the fundus ; the whole gland is somewhat shorter. This region 
of the stomach then consists of border-cells with an almost complete 
absence of chief-cells, the border-cells differ somewhat in appearance 
from the border-cells of the fundus and greater curvature, not however 
in any fundamental point. Nearer to the pylorus the border-cells 
become rapidly replaced by pyloric gland-cells. 

Pyloric glands.—F or the most part the cells here are simple modi- 
fications of the'surface cylindrical cells, in alcohol specimens this is most 
obvious, the cells retain nearly to the base of the glands a mucous “ plug” 
next the lumen. 

Smaller curvature.—The glands are like the glands of the greater 
curvature, but are shorter and have comparatively few chief-cells. 


Gastric Glands of Bat. 


Even to the unaided eye the fundus region is somewhat sharply 
marked off from ths rest of the stomach; the walls are much thinner. 
The structure of the glands varies distinctly in the two parts. 

Fundus.—The glands are short ; in the median portion of the gland 
there may be one or two border-cells, the greater number being chief- 
cells—in the extremity of the glands chief-cells only occur. : 


Rass 

‘ 
ig 


272 J. N. LANGLEY, 


_ Greater curvature.—The glands are nearly twice as long as those in 
the fundus ; the neck and median portion of the gland consists almost 
entirely of border-cells, a short region at the end of the glands consists 
almost entirely of chief-cells. 

In passing towards the pylorus the ‘border-cells encroach more and 
more on the chief-cells, until we find glands containing many border 
but few or no chief-cells. The mucous membrane of this portion is in 
the animals I have examined distinctly more acid than the mucous 
membrane of the fundus. The chief-cells in both regions may show an 
inner granular and an outer non-granular portion. 

Possibly the difference in structure of the glands in the two parts of 
the stomach explains an old observation of Rollett’s. He found that 
in winter the gastric glands of the bat contained no delomorphous or 
border-cells, but contained many in summer. It has been argued from 
this that the border-cells form pepsin, for when pepsin was needed 
these cells appeared, to disappear when pepsin was no longer needed. 

If, however, Rollett chanced to take asection of the fundus in winter 
and of the greater curvature in summer, he would obtain very closely 
the appearances described by him, although no alteration in the number 

of the border-cells had taken place. 


Gastric Glands of Rat and Mouse. 


It is well known that the larger part of the stomach—the fundus 
end—-contains no glands. The anterior oxyntic’ glands have a median 
portion consisting of border-cells and an end portion consisting chiefly or 
entirely of chief-cells. In passing towards the pylorus the border-cells 
encroach on the end portion of the glands until, as in the mole and bat, 
glands occur with few or no chief-cells, 


Gastric Glands of Guinea-pig. 


‘These resemble in disposition and structure the glands of the rabbit ; 
since the glands in the latter animal have been already described by 
Sewall and myself*, I may omit the description of the former. There is, 
however, one difference in some respects important, viz., the granules of 


1 Oxyntic glands=gastric glands which secrete an acid fluid. Cf. Proc. Roy. Soc. 
No. 212, 1881. | 


2 Op. cit. 
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the chief-cells are preserved by osmic acid, and thus the character and 
changes of the chief-cells can be much more conveniently observed in 
the guinea-pig than in the rabbit. I have once or twice only succeeded 
in getting osmic acid specimens of the glands of the rabbit with the 
granules present in the chief-cells as in life; in the guinea-pig I have 
found no difficulty in obtaining such specimens. I have tried in some 
other animals to preserve the chief-cell granules with osmic acid. In 
the ferret and in the sheep this can be done, in the dog and cat I have 
not been able to obtain satisfactory specimens, in these all or — all 


the disappear. 


Cuances OccurRING IN THE DURING DiGESTION. 


It scarcely needs to be pointed out that for a histological investiga- 
tion of the changes occurring in the chief-cells, the animals mentioned 
above are much more adapted than those usually taken, viz., the cat 
and dog. For in the mole, mouse and guinea-pig the chictoelle are 
preserved much as they are in life, whilst in the cat and dog the most 
characteristic point of the living glands disappears on treatment with 
osmic acid. 

I have not attempted to follow the time of onset, actinuins, and end 
of the changes which take place in the chief-cells, for my present 
purpose it is sufficient to determine the typical Semngery and typical 
digestive states. This I have done in the mouse, mole, and guinea-pig. 
I have taken eighteen hours after a meal as the hungry, and seven to 
eight hours after a meal as the digestive states. 

In both mouse and mole, in the hungry state, the chief-cells are 
granular throughout ; in the digestive state, the chief-cells have an 
outer non-granular zone of one-third to one-half of the cell. The 
zones in these animals and in the bat yield in no point in 
distinctness to the corresponding zones in the esophageal 
glands of the frog or to those in the pancreas. Owing to 
the absence of border-cells in the .ower part of the gland, a transverse 


section of this part is particularly adapted to show the general | 


resemblance just mentioned. 

In the guinea-pig the changes are like those previously described by 
Sewall and myself as occurring in the rabbit. In these animals the 
chief-cells of the latter part of the greater curvature show few or no 
granules; in the median part of the greater curvature the glands have 


= 
x 
2 
4 
4 
is 
¢ 
| 
1 
tk 
is 
he 
1 
| is 
| 
is 
it 
H 


274 J. N. LANGLEY. 


usually an outer clear zone, this diminishes in passing towards the 
fundus, in the fundus and in the adjoining part of the greater curvature 
the chief-cells are granular throughout. During digestion an outer clear 
zone is formed in the glands of the latter part of the fundus and the 
fore-part of the greater curvature ; the cells of the rest of the greater 
curvature lose more or less completely their granules. 

_ In the extremity of the fundus I have not observed the formation of 
zones ; but it has appeared to me that the cells diminish in size and the 
granules in total number. Of this, however, I cannot yet speak with 
confidence. 

We know that in the cells of the pancreas of some animals, the 
granules rarely, if ever, extend to the periphery, and that the extent 
of the clear zone in the “resting” state varies. In the rabbit and 
guinea-pig we have apparently a similar difference in the “ resting ’’ state 
of the cells in adjoining glands’. 


This difference of the resting state may, I think, be conveniently expressed 
by saying that in different glands there is a different cell-equilibrium, I have 
in the case of certain lower vertebrates brought forward some reasons—which 
apply also to mammals—for considering that three fundamental processes 
occur in the cells, viz., a growth of protoplasm, a formation of storage sub- 
stances by the pone and a splitting up of these storage substances with 
the excretion of their products from the cells. The condition of the cell at any 
time depends upon the relative rates at which these three processes have been 
p ow certain stimuli, which we know very imperfectly, cause one 
or other of these processes to go faster than the rest, but for several hours 
towards and after the end of digestion, there is little or no change in the 
appearance of the gland cells. In this “resting” state the fundamental 
processes are in equilibrium, but different glands in this state have different 
ap ces—one a clear zone, another has not; in one the storage- 
substance is in excess of the protoplasm, in another the protoplasm is in excess 
of the storage substance. ‘This is what would be meant by saying that in 
different glands the cell-equilibrium is different. 


The fact that zones are formed in the cells of the greater curvature 
of the rabbit and guinea-pig and are not formed in the cells of the fundus 


recalls the similar difference which exists between certain of the gastric 
glands in lower vertebrates; in these digestion sometimes causes a 


formation of zones and sometimes causes a diminution in the number 


and size of the granules accompanied by a diminution in the size 
of the cell, but unaccompanied by any formation of zones. 


1 In these animals the food does not disappear from the stomach in twenty-four hours, 
and we might imagine that the continuance of the zones in the latter part of the greater 
curvature might be duc to the continuous stimulation arising from the presence of food, 
but that there seems no reason why this stimulation should not also affect the glands of 
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of fluid with blotting-paper ; the surface cylindrical cells come away from the 
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Of the bat I have examined only two specimens, in each the stomach 
was empty, in each the chief-cells showed distinct zones. Whether 
this represents the normal state of “cell-equilibrium ” or no, I 
cannot yet say. Since the animals were caught twenty hours before 
they were killed, and had in the interval eaten nothing, it is possible 
that the zones here.represented the fasting and not the hungry state. 
We know that in many and probably in all vertebrates the granules of 
the pepsin-forming glands diminish in number when the animal remains 
without food longer than a certain time, which we regard as - normal 
period of hunger. | 


Tun GRANULES OF rn Curer-CkLLs GIVE RISE TO PEPSIN. 


' It is to Heidenhain that we owe the view that the chief and not the 
border-cells produce pepsin. His conclusion was in the main based on 
the fact that during digestion it is the chief-cells which change in appear- 
ance, and that the extent of the change in them is greater as the glands 
lose more pepsin. 

It is clear that;the differences in the relative number of border and 
chief-cells in the different stomach regions which have been described 
above offer an easy means of testing this view. 

I have compared the pepsin-contents of the different stomach regions 
in the rabbit, guinea-pig, mole, ferret, and mouse; in each case the 
amount of pepsin found bears no relation to the number of border-cells, 
but varies directly with the number of chief-cells ; the only exception to 
this is when the chief-cells are unequally granular in different regions. 
We may then safely conclude that at any rate much the greater part of 
the pepsin is formed by the chief-cells. 

The correspondence between the amount of pepsin contained by the 
glands of any region and the number of chief-cells which occur there 
may be seen by comparing the results of the following experiment with 
the description given above of the gastric glands of the mole. 


EXPERIMENT. 
Relative Amounts of Pepsin in the different Regions of the Stomach of the Mole. 


Mole killed with chloroform. Stomach contains a small amount of remains 
of food ; wash mucous membrane once with salt solution 0°75, remove excess 
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rest of the mucous membrane fairly readily ; scrape off cylindrical cells and 


put on glass slide to dry (6). From rest of stomach cut away muscular coat, 

and divide the mucous membrane into the following parts, throwing away the 

connecting pieces: (1). Pyloric region, (2) ring above pyloric region, chiefly 
lands without chief-cells but with ovoid cells, (3) greater curvature, (4) fundus, 
5) smaller curvature. 


These are dried over H, 80, weighed, and to each HCl 0:2 p. c. added 
in proportion 1000 c.c. HCl 0°2 p.c. to 1 gram. dried tissue. They are then 
left at 35° C. for 20 hours. F 


Take— 


2c.c. each + 17c.c. HCl 0°2 + 1c. c. swollen carmine-stained fibrin. 


Test amount of pepsin by Griitzner’s method. 


VI 
>IVi VI 
II >V 
0 I—II | 
0 0 >0 
0 0 0 


Throughout 4 was just perceptibly deeper tinted and with less residue 
than 8, On comparing pa 2 quantities (0°5 c.c.) the difference came out 


distinctly. 


It is not difficult, though it is somewhat wearisome, to find to what extent 
the extracts containing most pepsin must be severally dilu so that a 
definite volume of any one digests fibrin at the same rate as the same volume 
of any other. By comparing then the respective dilutions of the extracts, we 
obtain a fairly accurate knowledge of the relative amounts of pepsin contained 
by a definite weight of the various parts of the mucous membrane. Proceeding 
in this manner I found that in this case the relative amounts of pepsin was 
as follows 

Cylindrical cells 

Intermediate region .. 

Smallercurvature . . 

Greater curvature .. 


The mole of this experiment was taken at or toward the end of digestion ; 
in animals taken during — the relative amounts of pepsin in the 
dient stomach regions would no doubt differ considerably from that given 
above. 


That it is the granules of the chief-cells which give rise to pepsin can 
be shown by comparing the amounts of pepsin contained by equal 
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weights of the granular cells of the fundus and the less granular cells of 
the greater curvature of the rabbit and guinea-pig, and by comparing 
the amount of pepsin contained by the glands, say of the mole, when 
they are granular throughout, and when they have only an inner 
granular zone. In all cases most pepsin is found where there are most 
granules. 

Sewall and myself have previously shown that this is the case in 
the gastric glands of the rabbit. The experiments which we then made I 
have repeated in a somewhat modified form and have obtained similar 


_ results. There is, however, I think, a greater difference between the 


pepsin-content of the glands of greater curvature and the pepsin-content 
of the pyloric glands than was fouhd by Sewall and myself.“ I-use now 


a somewhat different method .to that‘used..then; instead of cutting out 
.equal areas of the mucous membrane and putiing them in absolute alcohol 


for a week or more before analysis, I follow Griitzner’s method, dry the 
mucous membrane and weigh out equal weights of the various gastric 
regions. | 


Relative Amounts of Pepsin in the different Regions of the Stomach of the Rabbit. 


Rabbit killed four to five hours after feeding. Remove stomach, wash 
mucous membrane with sodium chloride solution 0°75; remove excess fluid 
with blotting-paper, with scalpel scrape off surface cylindrical cells ; remove 
muscular coat ; throw away the mucous membrane near the cesophagus, and the 
greater part of the smaller curvature, and a strip 3-4 mm. wide between the 
greater curvature and pyloric regions. The remaining mucous membrane is 
then divided as follows:—(1) extremity of fundus; (2) rest of fundus; 
(3) first part of greater curvature ; (4) latter part of r curvature ; (5) first 
part LP ayo gland region ; (6) second part of pyloric gland region. These 

dried at 32° C., and placed over H,SO,. Weigh out of (1) (2) (4) 0°3 gram, 
of (3) 0°5 gram, of (5) (6) “—: to each HCl 0°2 is added in proportion 
100 c. c. to 1 gram tissue. r 18 hours’ treatment at 30° C. with the 
acid, filter and test filtrate for pepsin—after Griitzner’s method. 


Take 1 c.c. each (1) to (6); to each add 10 c.c. HCl 0°2 + 1 c. c. swollen 
carmine-fibrin. Take also 11 c. c. HCl 0°2 and 1 c. c. same fibrin. = (7). 


9’ | Ww 25 | 
V IX anterior portion fundus. 
2) IMT | VII—VIIT| posterior portion fundus. 
(3) I VI IX anterior portion greater curvature. 


0 ?>0 II IV | anterior pyloric gland region. 
0 ?>0 II IV | posterior pyloric gland region. 


: >0 Iil VI | VIII | posterior portion greater curvature. 
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; oe here used had been kept in glycerine ; it dissolved in HCl 
one (7 

Tn order to find about how much more pepsin was contained by ° than 
by (4), (1) was diluted to various ‘extents and power 
compared with (4). thus— 


Take— — 
1.6.¢. + 4 water: thns 1 1c. contains 3 ¢.c¢. (1) 
Take 1 c. c. each of the above + 10 HOl 0:2 pic. = 1, to ly 


c. (4) + 10¢.c. HCl 02 p.e 
To each add 1 c. c. swollen carmine-stained fibrin ; this fibrin had been 
kept i in ether and gave no trace of Coho to dilute HCI in six hours. 


0O—I' | >IV | VII ce. (1) 
>0 | | IM—IV V te ¢. ¢ (1) 
(1,). 0 I II Ill ¢. (1) 
(1,) 0 >0 I II (1). 
(4) 0 II III IV 1 oc. (4) 


It will be seen that (4) lies. in peptic power between (1,) and (1;) c.c., that 

is, to c. (1) has a peptic power of 1 c. c. (4)—hence 
a) contains about twelve times as much pe a year 

Proceeding in similar way with (4) and (5) it 3m that (4) contained 
about. seven tiene as pa ip as (5). In the earlier experiments of Sewall 
and myself, a much less difference was found between the two regions. 


The above experiment shows that in the different regions of the 
stomach of the rabbit most pepsin is found where the granules are most. 
numerous. The glands of the fundus where the chief-cells are granular 
contain about twelve times as much pepsin as the glands of the latter 


part of the greater curvature where - si eon are eve or quite, 
without granules. 


THE FRESH GASTRIC GLANDS CONTAIN LITTLE OR NO PEPSIN; THEY 
DO, HOWEVER, CONTAIN A LARGE QUANTITY OF PEPSINOGEN, CONSE- 


QUENTLY THE GRANULES OF THE CHIEF-CELLS CONSIST WHOLLY OR IN 
PART OF PEPSINOGEN. 


It is now very generally eae that pepsin exists in the gastric 
glands partly free and partly combined—i.e., partly as pepsin and partly 
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as pepsinogen. . This view is taken by Heidenhain! in the masterly 
account of the secreting glands which he has lately published’ in 
Hermann’s. Handbuch d. Physiologie. The method of estimating the 
relative amounts of pepsin and pepsinogen contained by the gastric 
mucous membrane we owe chiefly to Griitzner?’; the tisste is extracted 
for a week with glycerine, the residue from the gitoerins is extracted 
with dilute hydrochloric acid; the glycerine is: considered to have 
extracted the pepsin which was present in the tissue in the free state ; the 
dilute hydrochloric acid is considered to have extracted the pepsin which 
was present as pepsinogen. 

This view has perhaps. been siecle rather on 1 jroneral grounds of 
probability than on the result of any decisive proof.. It rests chiefly on ex- 
periments made by Ebstein and Griitzner’, supported by an earlier 
. observation of Briicke and an independent one of Schiff. These have 
not passed without criticism. . Witt', after a careful examination of the 
question, and whilst confirming in the main Ebstein and Griitzner’s 
results, came to the conclusion that there was no satisfactory evidence of 
the existence of pepsinogen. He pointed out that the results could be 
explained.by supposing that pepsin is soluble in different degrees in 
water, glycerine, sodium chloride solution and dilute hydrochloric acid. 
Ebstein and Griitzner considered that water dissolves some pep- 
sinogen in addition to pepsin from the dried gastric mucous membrane. 
Witt tested this by making an aqueous extract of the mucous membrane, 
treating equal portions of it for different times with dilute hydrochloric 
acid, and then comparing the rates at which they dissolved fibrin. He 
found no difference in the digestive power of the different portions ; 
moreover, he found that the digestive power of each was the same as the 
digestive power of a like quantity of aqueous extract which had not 
been treated with dilute hydrochloric acid. He argued that if the 
aqueous extract had contained any pepsinogen, it would have dissolved 
fibrin more rapidly when it had been previously treated with dilute 
hydrochloric acid than when it had not been so treated, for — treat- 
ment would have converted the pepsinogen into pepsin. 

‘When I found how closely the chief-cells of the gastric glands of 
mammals resembled in histological structure the pepsin-forming cells 
of many lower vertebrates—in which I had reason to think pepsinogen 

Heidenhain. Hermann’s Handbuch a. Physiol., Vol. v., 1880. Of. 8. 129 and 
8. 168, 1 8. 


2 Gritener. Neue d. Aussch, d. Pepsins; Breslau, 1875. 
8 Ebstein and Gritzner. Pfliger’s Archiv, 1874. 
* Emil Witt. Jahresberichte, u.s.w. (Hofmann and Schwalbe), 1875, 8. 157. 
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and not pepsin was present!—and the cells of the pancreas in which 

Heidenhain? had shown that trypsinogen and not trypsin was present, 

and when farther I recalled that it had been shown by Hammarsten*® 

that rennet-zymogen and not rennet-ferment was present in gastric 

glands, I could not avoid the conclusion that the chief-cells contained 
not pepsin but pepsinogen. | 

On making experiments, however, to show that only pepsinogen was 
contained by the gastric glands, like Witt, though on somewhat 
different grounds, I soon came to the conclusion that there was no 
very satisfactory proof of the existence of pepsinogen. 

Ebstein and Griitzner* in their very suggestive work arrived in 
the main at a correct result. This was the more creditable since 
Heidenhain® did not discover trypsinogen until the following year, 
and they had thus only the analogy of Hammarsten’s® rennet- 

zymogen to lead them. Nevertheless it seems to me that their ex- 
periments hardly suffice to establish the conclusions drawn from them, 
and since others like myself may give themselves much trouble, and 
lose much time in éxperiments made after a similar fashion, it is, 
| think, desirable that the defects in their method should be pointed out. 

The principal facts which Ebstein and Griitzner rely on to— 
prove the existence of pepsinogen are— 


1. The dried gastric mucous membrane gives up less pepsin to 
glycerine when treated with it directly than when previously treated 
with dilute hydrochloric acid or dilute salt solution ; similarly the fresh 
mucous membrane gives up less pepsin to plyearine than the _ Sxponed 
mucous membrane. 

2. If an aqueous extract of the gastric mucous es. be 
evaporated to dryness, a glycerine extract of the residue has a less 
digestive power than a dilute hydrochloric acid extract of the residue. 

These points I will consider separately. : 


1. It was shown by v. Wittich’ that when fibrin is placed in a 
glycerine solution of pepsin, it rapidly absorbs the pepsin from the 
glycerine ; active glycerine extracts may thus in a few days be rendered 
inactive, or nearly so; further, the pepsin which has been absorbed by 
fibrin can be extracted by treating the fibrin with dilute hydrochloric 
acid, but not by treating it with water. These facts were confirmed by 

' Proc. Roy. Soc., No. 212, 1881. 2 Heidenhain. Pfliger’s Archiv, x., 1875. 

> Hammarsten. Maly’s Jahresb. ti. de Fortsch. d. Thier-Chemie. 1872, 8. 118. 


* Op. cit. 5 Op, cit. 6 Hammarsten. Op. cit. 
7 y. Wittich. Pfliger’s Archiv, Bd. v., 1872, and Bd. vir., 8. 25, 1873. 
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Ebstein and Griitzner ; they also pointed out. that coagulated egg- 
albumen has a similar power of extracting pepsin from glycerine. The 
pyloric region of the stomach behaves in like fashion, and the proba- 
bility is that all proteids can take up pepsin from glycerine. Hence, 
when a proteid tissue such as the gastric mucous membrane is treated 
with glycerine it follows that only a part of the pepsin contained by it 
will be extracted by the glycerine ; what proof then is there that the 
pepsin extracted by hydrochloric acid from the tissue after it has been 
treated with glycerine is not simply the pepsin which has been withheld 
from the glycerine by the proteids of the tissue ? | 

Farther, the probability is that equal weights of different proteids 
absorb different amounts of pepsin from glycerine ; if this is so, it 
follows that different proteids containing a like quantity of pepsin will 
give up different amounts to glycerine. Now, when the fresh mucous 
membrane is exposed, and when the dried mucous membrane is treated 
with dilute hydrochloric acid or salt solution the proteids are more or 
less changed ; hence we should expect that the fresh and the exposed 
mucous membrane would give up different amounts of pepsin to 
glycerine ; and that the dried mucous membrane, before and after treat- 
ment with dilute acid, would give up different amounts of pepsin to 
glycerine. 

In order then to prove the conclusions drawn by Ebstein and 
Griitzner from these experiments, it is necessary to show that the 
alteration in the character of the proteids is not sufficient in itself to 
bring about the results. 

2. The remaining experiment does not, I think, amount to proof 
either. The experiment is made thus: The dried mucous membrane is 
extracted with water, the aqueous extract is evaporated to dryness and 
the residue divided into two parts, one part is treated with glycerine and 
the other with an equal amount of dilute hydrochloric acid. The 
amount of pepsin in the glycerine and in the acid extract are then 
tested on Gruenhagen’s method. It is found that the acid extract 
dissolves more fibrin than ihe glycerine extract. Ebstein and 
Griitzner conclude that the less activity of the glycerine extract is due 
to the presence of some pepsinogen in it; in the acid extract all the 
pepsinogen has been split up to form pepsinogen. There is, it seems to 
me, another way of explaining the result ; we know that the amount of 
fibrin dissolved depends not only on the amount of pepsin but also on 
the percentage of hydrochloric acid present. Now, in the two extracts 

1 Op. cit., 8. 137, 138. 
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compared by Ebstein and Griitzner, the percentage of acid was 
not the same, the mixture of swollen fibrin and glycerine extract 
contained a less. percentage of acid than the mixture of swollen fibrin 
and acid extract. We should then expect from this cause alone that the 
glycerine extract would dissolve less fibrin than the acid extract. 
According to Witt, the interferes the action 
of the pepsin. . 

Schiff" has also advanced the.view that thé gastric glands contain, in 
addition to a certain amount of pepsin, some substance which can give 
rise to pepsin. This substance he called propepsin. He concluded that 
propepsin exists in the: glands, since he found that 200—400 c.c. of 


acidulated water extracted pepsin slowly from the stomach, so that in 


three weeks there was a very much larger amount of pepsin in the 
extract than at the end of the first day. This clearly might also be the 
result of a gradual solution of the pepsin. In the abstract of Schiff’s 
paper, which as yet I have only been able to obtain, no mention is made 
of the manner of treating the stomach, when the muscular coat is 
removed from a cat’s stomach and: the mucous membrane chopped up 
into small fragments before placing in acidulated water, the extract 


contains in twenty-four hours a large proportion of the total amount of 


ferment ; that the pepsin is not all extracted is only what we should 


expect laiowiig as we do that proteids which have absorbed pepsin lose 


only a portion of their pepsin on’ treatment with water. I obtain a 
result more nearly approaching that of Schiff, if I simply cut the stomach 
into a few pieces and then add the extracting fluid ; but under such 
circumstances it is difficult to imagine that pepsin dated be otherwise 
than slowly dissolved out, and there is no necessity for assuming the © 
presence of propepsin. 

In my earlier experiments I followed on the lines of the experiments 
made by Ebstein and Griitzner and by Witt. I made extracts of the 
gastric mucous membrane with a number of neutral and alkaline salts in 
the hope that one or other of these extracts would show an increase in 
digestive power after treatment with acid. In such experiments I took, 
say 10 ¢.c. of the extract and warmed for 5 min. to 24 hours with 10 
c.c. HCl 0:2. This (a) was then cooled to the temperature of the room. 
Another 10 c. c. (6) of the extract was taken and 10 c.c. HCl 0:2 added ; 
and as quickly as possible 1 c. c. of swollen carmine-stained fibrin was 


_ added to'each (a) and (), they were placed at about 38°C. and the rate of 


solution of the fibrin noted. In (a) any pepsinogen possibly present was 
Schiff. Maly’s Jahresbericht, u. d. Forte, d. Thier-Chemie, 1877, 8. 276. 
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converted into pepsin before beginning to test the peptic power of (a) ; 
in (b) the conversion of pepsinogen went on whilst the peptic power of 
(b) was being tested. If then the original extract contained any pepsin- 
ogen, (a) should dissolve fibrin faster than (6). In fact, there was almost 
invariably a slight difference, although frequently only during the first 
five to ten minutes. 

These experiments made it highly probable that some pepsinogen was 
present, but they made it at the same time highly improbable that more 
than a small amount of pepsinogen could be shown to be present by such 
a method. It was clear that pepsinogen if present was so rapidly split 
up by hydrochloric acid in the act of testing for pepsin that some other 
means must be resorted to in order to show the absence of pepsin. 

One other way remained open, viz., to seek for some substance which 
should destroy pepsin and not pepsinogen, or vice versd. 

After a few trials I found that when sodium carbonate 0°5 to 1 p.c. 
was added to a neutralized acid extract of the dried gastric mucous 
membrane and the mixture warmed, its peptic power rapidly disappeared ; 
but that when sodium of carbonate 0°5 to 1 p. c. was added to an aqueous 
extract of the dried mucous membrane and the mixture warmed the 
peptic power only slowly disappeared. 

_ Now in the acid extract pepsin is undoubtedly present, the loss of 
peptic power when this extract has been treated with sodium carbonate 
means that the pepsin has been destroyed. Since then the aqueous 
extract loses little if any of its peptic power when treated with sodium 
carbonate for such a time as is sufficient to destroy all the pepsin 
in the neutralized acid extract, it follows that there is little or no pepsin 
in the aqueous extract. It does however contain a substance which is 
capable of giving rise to pepsin, 7.¢., it contains pepsinogen. 

_ The following experiment will serve to illustrate these points :— 


EXPERIMENT. 
Comparative Effect of Sodium Carbonate on Pepsinogen and Pepsin. 


Dried mucous membrane of fundus and greater curvature of a rabbit | 
powdered and extracted with 60 c. c. water for 24 hours at 32° C. 


Take— 


(P) 25 stom, ext. + 10c.c. 0'2°/, ; keep at 32°C. fate, then 
add 7c. c, Na,OO, 1 °/,. 
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(Z) 25 ¢.¢. stom. ext. + a mixture of 10 c. oc. HC] 62p.c. with 7c. ¢. 
Na,CO, 1 °/,. 


Test the reaction of (P) and (Z). P is very faintly alkaline, Z is faintly 
alkaline ; add little HCl to Z so that it gives the same tint with litmus paper 
as P. Fill both up to 45 c. c. with water. 

It will be seen that P and Z are alike except that the stomach extract 
P has been warmed fifty minutes with dilute acid. Both are just perceptibly 

| 


Take— 

P, =10c.c. (P) + c. water 

Wee @) + Wee water, j tol. just alkaline. 
= 10c,c. (P) + c. Na,CO, 0°2 p. c. i 

= 100.6, 0°2 p. sol 0-1 p. c. Na,CO,. 
== 10 10 c. c. Na,UQ, 1 p. c. 

= + 10 1 p. ¢. so. 0°5 p. c. Na,CO, 
== 10 ¢. + 10c. c. Na, 2 p. c. 

= 10c¢.(Z) + 10c.c¢. Na,00, 2 p. c. sol. 1°0 p. Na,00, 


4.55. Put the above in water bath at 39° C. 


 §.10. Take 2 c. o. each — P, Z,, &c.—to each add 10 c. c. HCl 0°2 
+ 1c. c. swollen carmine-stained fibrin. At 38° C.— 


Observation by Griitzner’s method. — 


5’ 10 20° 40’ 70 
VI 
Z, II <VI 
IT <VI | 
P; 0 0 V—VI 
Zs I >V 
Z, I 


These in 20’ had passed X. of the scale ; the differences between them were 
very slight, Judging from the amount of fibrin remaining undissolved ; the 
oN, — was the order, beginning with that in which most fibrin was dissolved 


20 


very nearly equal. equal. 

7 very nearly equal. equal. 


It will be noticed that this is not in. the of the 
experiment at 10 mins.—this is probably due to the whole of the pepsinogen 
in Z, and Z, not being at once converted into pepsin by the Seileocliielse acid. 

There was very little difference between the first and the last of this series. 
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Let us compare P, and Z, in the above experiment: it will be re- 
membered that the only point of difference between them is that P, has 
been treated in such a way as to convert any pepsinogen there may be 
present into pepsin. We know too that Na,CO,1 p. c. rapidly destroys — 
pepsin when warmed with it’. We see, in fact, in P,, that warming at 
39° C. for 15 minutes, with Na,COQ, 1 p. c. does destroy nearly the whole 
of the pepsin. In Z,, which is similarly warmed with sodium carbonate 
1 p. c. the amount of pepsin destroyed is only just appreciable. The 
only possible reason for this is, I think, that Z, when it was treated with 
the sodium carbonate did in fact contain hardly more than a trace of 
pepsin, but did contain a substance capable of giving rise to pepsin on 
treatment with hydrochloric acid, that is to say, it contained pepsinogen 
with perhaps a trace of pepsin. I say perhaps a trace of pepsin, be- 
cause, although there is a trifle less digestive power in the aqueous ex- 
tract that has been warmed with 1 p. c. sodium carbonate than in that 
which has been warmed with water ; it is probable that the diminution 
arose not from the destruction of ferment extracted as such from the 
tissue, but from the direct destruction of pepsinogen in the alkaline solu- 
tion. For pepsinogen does not wholly escape the action of the alkaline 
salt ; prolonged warming with it destroys it. Part then of the diminu- 
tion of digestive power in Z, is almost without doubt due to the destruc- 
tion of zymogen. If we allow for this, and further allow for a slight 
conversion of pepsinogen into pepsin in the time taken to dry the gastric 
mucous membrane, it will result, I think, that pepsin as such does 
not exist in the living glands; we may at any rate certainly 
conclude that not more than a trace of ferment is present. The aqueous 
extract of the stomach of the dog, sheep, mole, snake, frog, newt, behave in 
fundamentally the same manner as the aqueous extract of the stomach of 
the rabbit. In these animals, then, and probably in all cca the 
gastric glands store up pepsinogen and not pepsin. 

There are one or two points in the behaviour of pepsinogen which 
I may perhaps mention here. In dilute solutions of sodium carbonate, 
pepsinogen slowly splits up, giving rise to pepsin ; whether this takes 
place in stronger solutions of the alkaline salt it is difficult to say, since 
in these pepsin is so rapidly destroyed. When the fresh or dried 
mucous membrane of a mammal is cut up and treated with sodium car- 
bonate 0°6 to 2 p.c. at 30° C. for a day, a considerable portion of the 
pepsinogen is destroyed, but by no means all; part is taken up by the 


1 Of. Paper on ‘“‘The Destruction of Ferments in p. 246 of 
this Journal. 
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alkaline salt, part is left in the tissue and can be extracted from it by 
treatment with dilute acid. 

In the frog pepsinogen is more rapidly destroyed than in mammals ; 
if the esophagus or stomach of a frog be kept’ at 38° C. for about two 
hours with sodium carbonate 0°6 to 1 p..c., not more than a trace of 
pepsinogen or pepsin is found either in the alkaline extractor in 
a subsequent acid extract of the tissue. The destructive action of the 
salt is in frogs as in mammals much less at 15° C. than at 38° C. : if the 
cesophagus or stomach of a frog be treated’as above, but at a tempera- 
ture of 15° C. instead of one of 38°, then both the alkaline extract and 
the subsequent acid extract of the tissue show on — treatment 
a considerable peptic power. 


It was shown by Fick and Murisier' that thes pepsin of the 
stomach is able to digest fibrin at 0° C., at which temperature the pepsin o 
dog’s stomach is entirely ineffective. Since Fick and Murisier make ab 
statement as to the relative digestive powers of a frog’s pepsin at 0° C.; it has — 
been sometimes assumed that the —_— of cold-blooded animals digests very 
nearly at its maximum rate at body temperature of the animal. This 
view receives some confirmation from an bernie of Hoppe-Seyler’, 
who found that the pepsin of the pike digested fibrin faster at 15°C. than at 
i ©. Probably every one who has worked with the frog’s pepsin knows that 

i very much more rapidly at 40°C. than at 15°C. Nevertheless, since 
and Murisier’s statements have been misunderstood, it may not 
be unnecessary to quote an experiment to illustrate the point. 


Mucous membrane of frog’s stomach, dried, cut up, and powdered ; to it 
25 c. c. water added—kept at 30° C. for 40 minutes— tp, np 


Take— 

(4) 10 c. c. aq. ext, stom. + 5c. c. HCl 0°4 + 1c. c. swollen carm.-fibrin. 

Place— 


vin diva Mere trace 
Mere trace fibrin dissolved. 


' Fick and Murisier. Verhandl d. Wirsburg, Phys. Med. Grs, N. F., rv., 8. 120, ser. 
3 Hoppe-Seyler. Pfliger’s Archiv, xrv., 8. 395, 1877. 
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Somz REMARKS ON RENNET-ZYMOGEN. 


Hammarsten’ has shown that the gastric glands of many animals 
whilst containing rennet-zymogen do not contain rennet-ferment. I 
have examined the gastric glands of the dog, cat, rabbit, mole, frog, and 
the esophageal glands of the frog: in all rennet-zymogen was present, in 
none rennet-ferment. 

Generally speaking I have made an extract of the fresh or dried 
mucous membrane with sodium carbonate 0:1 to 6 p.c. A mixture of 
the extract and milk does not clot until it becomes acid, then it 
clots rapidly; if a part of the alkaline extract be made acldy and 
warmed for, say fifteen minutes, and then again made alkaline, it will, 
when it is added to milk, rapidly cause clotting, i.e., the extract hich 
after treatment with acid ts able to clot milk in an alkaliné solution, is 
unable to do so without such treatment—hence the extract contains 
rennet-zymogen but no ferment, the zymogen gives rise to ferment on 
treatment with acids. | 

The points above mentioned always come out distinctly enough, but 
there are one or two facts which deserve to be kept in view; in making 
the extract it is advisable to use a rather weak alkaline solution, to avoid 
warming, and to test the extract in a few hours, since rennet-ferment 
and eee es are rapidly destroyed by sodium carbonate 0°5 to 
1 p.c. at 38 C.,? and since, if the extracts are kept for any length of time 
ferment 1 is formed from the zymogen. 

’ Griitzner* found that whilst rennet-ferment was. present in the 
acid extract of the oesophagus of the frog, none was present in the acid 
extract of the stomach. It is true that when equal weights of the dried 
mucous membrane of the oesophagus and the stomach are extracted with 
equal quantities of dilute acid, the extract of the former contains more 
ferment than that of the latter ; but I have met with no case in which 
the rennet-ferment was absent from the stomach extract, When the 
whole of the mucous membrane of each region is taken, the clotting 
power of the two extracts is not very greatly different, i.¢., the total 
amount of rennet-zymogen contained by the gastric glands is not very 
much less than the total amount contained by the cesophageal glands. 
This also holds true for pepsinogen. 


' Hammarsten. Maly’s Jahresbericht u. d. Fortse. Thier-Chemie, 1872, 8. 123. 
2 Of. Paper on Destruction of Ferménts, p. 259 of this Journal. : 
*Gritzner. Pfliger’s Arch., xv1., 8. 119, 1878. 
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J. N. LANGLEY. 


Hammarsten showed that much more rennet-ferment can be 
extracted from the oxyntic or gastric glands proper than from the 
pyloric glands. This was confirmed by Griitzner. Griitzner found 
also that in the gastric glands of the dog the rennet-ferment diminished 
in amount during digestion, and that the diminution ran parallel to the 
diminution of pepsin. Hence he concluded that the chief-cells form the 
rennet-ferment as well as the pepsin of the gastric juice. 


Griitzner apparently thinks that in the fundus glands of the dog rennet- 
ferment and not rennet-zymogen is present. He says: “ Der Pylorus enthilt 
viel weniger Ferment als der Fundus und er enthialt es in anderer Form, 
vielleicht in einer Vorstufe, da geome aus demselben sehr wenig zu extrahiren 
vermag wihrend die Salzsaure dies thut.'” We have seen that the fundus 
glands contain zymogen only. 


As far as our knowledge goes, rennet-ferment is found in greatest 
quantity where there is most pepsin, and both vary pdri passu. Per- 
haps then the granules of the chief-cells may contain zymogen both of 
pepsin and of rennet-ferment; it remains for further observation to 
decide if this be the case, and if it is, whether there are two kinds of 
granules, one for each zymogen, or whether the granules are of one 
kind, and give rise to both zymogens or to both ferments. 


Zymogen of Amylolytic Ferments. 


Since we have proof that the trypsin in the pancreas, the pepsin and rennet 
in the gastric glands, exist in the form of zymogen, we are naturally led to 
suspect that the amylolytic ferments of the salivary glands and pancreas exist 
also in the living gland as zymogen. This is to some extent supported by the 
fact that in the salivary glands we have cell granules which during secretion, 
in many cases at any rate, become geonped around the lumen? just as occurs in 
_ the pancreas, and frequently in the pepsin-forming glands. I have tried in 
many ways to obtain an extract of the parotid and of the pancreas, which 
should only act on starch after treatment with an acid or alkali—but without 
success, There are not wanting indications of the presence of an amylolytic 
zymogen. Liversidge® has given such for the pancreas, and Griitzner‘ 
for the salivary glands, but satisfactory proof if not of its presence at any rate 
of its exclusive presence is wanting. 


' §. 118, Op. cit. 
*Langley. Foster’s Journal of Physiol., u., p. 261, 1879. 
* Liversidge. Jour. of Anat. u. Physiol., vit., 1873. 
‘Grutzner. Pfluger’s Arch., x1r., 8. 306, 1876. 
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On ZymMoGEN IN THE Gastric Guanp CELLS OTHER THAN THAT 
_ CONTAINED BY THE CHIEF-CELL GRANULES. 


If all the vertebrates in which the gastric glands have been carefully 
examined in the living state, it has been found that those gastric glands 
which produce most ferment store up their zymogen in the form of 
granules. The ferment-forming cells consist of a net-work of proto- 
plasm, inclosing a mass of granules. 

In the glands of the pyloric end of the stomach, which produce a 
comparatively small amount of pepsin, the zymogen which is stored up 
does not appear as granules in the cells. We have seen too that the 
glands of the latter portion of the greater curvature of the stomach of 
the rabbit and guinea-pig, which contain few or no granules, may yet 
contain a considerable amount of zymogen. These cells and the pyloric — 
gland cells, when treated with certain reagents, show a protoplasmic net- 
work’ inclosing interfibrillar substance. There can be little doubt that 
the interfibrillar substance in the living cells consists partly of zymogen. 
All the gastric gland cells have then much the same structure ; in some, 
however, the greater part of the interfibrillar substance is distinguishable 
in life from the protoplasm, in others it is not. Since the zymogen, 
when present in quantity, is distinguishable from the protoplasm, it is 
probable that the reason why the pyloric gland cells appear homogeneous, 
is that the stored-up or interfibrillar substance in them consists mainly of 
substance antecedent to products other than ferments, this antecedent 
substance having much the same refractive index as to the cell proto- 
plasm. It seems probable, on general grounds, that the cells should 
store up other antecedent substances than zymogen, and we are not with- 
out facts which will tell in favour of this view. In the saliva of many 
animals ferment is almost or entirely absent, but mucin and proteids 
occur ; as far as mucin is concerned we have some proof that it arises 
during secretion from the splitting up of an.antecedent substance, muci- 
gen, which is stored up in the cell; in the serous salivary glands and 
in the lachrymal glands the occurrence of granules which are used up 
during secretion’, just as are the granules of the pancreas or gastric 
- glands, makes it extremely probable that in these glands some antecedent — 

of the proteids found in the secretion are stored up and not the actual 
proteids of the secretion. | 


1 Klein. Quart. Jour. Med. Science, N.S., X1X., p. 167, 1879. 
2 Journ, of Physiol., 1., p. 261, 1879. 
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Apparently then a large number of gland cells have the following 
featurein common. The cell protoplasm forms certain “ antecedent ”’ sub- 
stances, which it stores up ; and when secretion takes place these stored-up 
substances are made use of to form material for the secretion. 


It would obviously be convenient to have some word to denote the whole 
class of “antecedent”’ or “stored-up” substances. These we might call 
mesostates.’ A mesostate would be a substance formed by the protoplasm of 
a cell to be eventually converted into secretory products. In the pancreas the 
chief mesostate is trypsinogen, in the gastric glands the chief mesostate is 
pepsinogen, in the mucous glands mucigen, and so forth,” = 89 


There are one or two further observations on the relation of pepsin 
to the gland cells which are suggested by some experiments of Briicke. 
Briicke pointed out that prolonged extraction with water does not take 
out all the pepsin from the gland cells, the remaining tissue when 
treated with dilute hydrochloric acid still gives a pepsin-containing 
extract. He further pointed out that, when the gastric mucous 
membrane is treated with dilute hydrochloric acid until it is quite 
broken up, the residue nevertheless when washed and again treated 
with dilute hydrochloric acid gives still a pepsin-containing extract. 
We can scarcely imagine that this could be the case if the zymogen 
existed in the cells in one state only. It necessitates a conception of the 
gland cells which seems to me indeed on general grounds almost 
necessary. I conceive the matter thus. The protoplasm of the gland 
cells does not at one swoop form zymogen as it occurs immediately 
previous to its conversion into pepsin, but forms certain’ intermediate 
bodies in which the zymogen radicles become more and more isolated. 
Since the zymogen contains the radicle of the ferment, the ferment will 
be obtained with greater difficulty from the imperfectly elaborated 
than from the perfectly elaborated zymogen, i.e., as we ascend from the 
final mesostate to protoplasm the ferment will be split off less and less 
readily. The last traces of ferment then which are obtained by repeated 
extractions, I take to arise from the splitting up of substance which was 
on the way to be converted into zymogen. 


1 From péoos middle, and cracts state or condition. 


Since the above was written I have obtained the volume of the Archiv. des Sciences 
physiques et naturelles (1877), in which Schiff published his views on the action of 
neptogenic ’’ substances. 
According to Schiff certain ‘‘ peptogenic’’ substances cause pepsin to be formed in 
the gastric glands. In proof of this he adduces the following experiment :— 
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Two animals are taken at the end of the digestive period, and to one peptogens are 
given; in four to six hours both animals are killed; the stomach of each is placed in 
100 to 200 c. c. of acidulated water, warmed for 40°ininutes, and the digestive power 
tested with a portion of the fluid (1); the rest of the fluid with the stomach is left for four 
days at the temperature of the room and the digestive power again tested (2). He finds 
at the first testing that the extract of the stomach of the animal to which peptogens had 
been given dissolves very much more albumen than that of the simply hungry animal, 
whilst at the second testing the two extracts digest the same amount of albumen. 

The difference in the amount of pepsin contained by the two extracts at the first 
testing, he considers to be due to the injected peptogens having brought about a 
formation of pepsin, 

This difference, however, does not occur according to Schiff fb used, 
but only when the extracting fluid contains an appreciable percentage of salts. He 
recommends a 1°5 solution of sodium carbonate as the best extracting fluid to use, in order 
to observe the effect of peptogens in increasing the quantity of pepsin in the stomach. 

Now I have shown (p. 254 of this Jour.) that pepsin is rapidly destroyed by sodium 
carbonate; and there can, I think, be no doubt that if there were any pepsin in the 
gastric mucous membrane, it would be all destroyed by warming it for 40 minutes with 
a 1°65 p. ¢. silution of sodttiin carbonate. I conclude then that the pepsin found by Schiff 
in the early periods of extraction was pepsin which had been dissolved as pepsinogen, 
and set free only on treatment with acid in the act of 

Hence this experiment of Schiff affords no proof that ‘‘peptogenic”? substances 
have any such effect as he ascribes to them. 
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A SIMPLE METHOD OF DEMONSTRATING THE 
_ ALKALINE REACTION OF THE BLOOD. By E. A. 


SCHAFER, F.R.S. 


Unper a title similar to the above Kiihne? describes a method of 
proving the alkalinity of the blood, which although ingenious, is not so 
expeditious as is desirable for purposes of demonstration. It consists in 
placing the blood in a small dialyzer (made by moulding a piece of 
parchment paper intoa minute cup) in a watchglass of water and testing 
after a time the water upon the other side of the parchment paper. 
Some of the salts upon which the alkalinity depends pass into the water, 
and the desired reaction is obtained. But whilst this is occurring the 
blood has generally clotted and its alkalinity may be increasing or dimi- 
nishing ; the result does not give the reaction of freshly-drawn blood. 
| In addition to this method two others are mentioned by Gscheidlen’ 
and Gamgee*®. One is that of Liebreich* who recommends the use of 
slabs of plaster of Paris, coloured by neutral litmus solution, the drop of 
blood being allowed to rest upon the slab for a few seconds, and then to 
be washed off by a stream of water, which removes the red corpuscles, 
and allows the blue colouration of the place where the blood has rested to 
be seen. The other, whichis due to Zuntz’, consists in placing the drop 
of blood to be tested upon glazed litmus paper, previously moistened with 
strong solution of common salt or sulphate of soda, and after a short 
time washing the blood off with some of the same solution. 

Both of these methods have the advantage over that of Kiihne in 
being rapid, and thus not allowing time to elapse during which the 
blood may undergo important changes, but they are both liable to 
objection. Liebreich’s method is troublesome in needing the 
preparation of the porous slabs, and to the method of Zuntz it may 


' Kahne, in Virchow’s Archiv, 1865. 

2 Physiologische Methodik, pp. 324 et seq. 

3 Physiological Chemistry, p. 26. 

4 Liebreich, in Berichte d. deutschen chem, Gesellsch. zu Berlin, 1868. 
§ Zuntz, in Centralbl. f. d. med. Wissensch., 1867. 
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be objected that the addition of strong solution of salt effects an 
alteration in the blood-plasma by causing osmosis from the corpuscles, 
as evidenced by the shrinking they exhibit. Neither of these objections 
will apply to the method here to be described. 

In the first place it should be mentioned that the introduction 
of elaborate methods to attain a simple object is due to the assumption 
that the hemoglobin of the blood will soak as fast into the pores of the 
litmus paper used for detecting the reaction as will the alkaline salts 
themselves. This is not the case, however, with the delicately-coloured 
glazed litmus paper which is now obtainable’, and accordingly this may 
be employed directly for testing the reaction even of a coloured “animal 
fluid like the blood. The mode of procedure is as follows:—A drop of 
blood, obtained by pricking the finger, is. placed upon the smooth 
coloured surface of a piece of the dry, faintly-reddened glazed litmus 
paper, and after a few seconds is wiped off with the corner of a handker- 
chief or clean linen rag moistened with water. The place where the 
blood has stood is seen to be marked out as a well-defined blue patch 
upon the red or violet ground. Nothing can be clearer or more 
convincing than the demonstration of the natural alkalinity of the 
blood which is afforded by this simple experiment. 


1 The litmus papers used for the purpose were obtained from Messrs. Townson 
& Mercer, of Bishopsgate Street, and cannot be too highly recommended for their 
susceptibility to traces of alkali (or acid). The papers are only coloured on one side, 
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NOTE ON THE PRODUCTION OF THE SECOND HEART-~ 
SOUND. By E. WEBSTER, Harvard Medical School. 


_ In the twenty-third volume of Pfliiger’s Archiv, p. 275, Professor 
S. Talma, of Utrecht, describes experiments which show that the 
sound produced by the sudden tension of a membrane, loosely stretched 
across the lower end of a vertical tube filled with water, varies in pitch 
inversely as the height of the fluid column, Hence he infers that the 
sound comes from the fluid and not from the membrane. Further, that 
as the membrane is subjected to unequal pressure on its opposite sides, 
is in fact held distended by the weight of the water, it is not able to 
produce sonorous vibrations. He then concludes that the second sound ~ 
of the heart, which is produced by the impact of a fluid column, the 
arterial blood, against membranous septa, the semilunar valves, originates 
in the vibrations of the blood, and not of the valves. _ 

The following experiments for the further investigation of this 
subject were performed in the physiological laboratory of the Harvard 
Medical School, at the suggestion of Dr. H. P. Bowditch. 

A piece of wet bladder, not fully stretched, was tied over one end of 
a glass tube about eight feet long and one and a half inches in diameter. 
This tube was slowly and quietly filled with water through a small rubber 
tube reaching almost down to the membrane. Sounds were produced 
by pressing up the bladder with a rod or the finger, and then suddenly 
removing the support. These sounds could be heard by placing the ear 
against the sides of the tube, or better, by a funnel-like stethoscope fitted 
to its bottom, and having an opening through which the rod could be 
brought in contact with the membrane. : 

While the apparatus is filling, the first sound obtained is low in tone 
and gradually grows louder, but does not change its pitch until the water 
is a foot or two deep. Then the same low sound can be heard, but with 
it a musical tone, at first high in pitch, growing louder and louder as the 
tube fills. The first sound can be heard during the entire period of 
filling, and does not seem to vary in pitch, but becomes louder as the 
weight of water increases. This sound may be due to the vibrations of 
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the membrane. It would be expected that it would have a higher pitch . 
as the tension increases, but such a change, if it exists, is not marked. 
The increase in loudness is marked. The other sound is dependent both 
for its strength and pitch upon the height of the fluid, and may be 
supposed to be produced by the vibrations of that body. At first it must 
be so faint a tone and so high in pitch that it is obscured by the 
membranous sound, but becomes audible as the tube fills. Tho following 
experiments verify this hypothesis. 

If the membrane is supported by the rod and then the rod is struck a 
light blow it is evident that the membrane, not being put upon full 
stretch by the sudden shock of the falling fluid, will emit little sound, 
while the shock will be transmitted to the fluid and it will be thrown 
into vibration. In this experiment the two sounds that were blended in 
the former instance are separated. The first almost entirely disappears. 
The second comes out strongly and can be distinguished as a high faint 
note when only a few inches of water are in the tube. Thus the fluid 
sound is isolated. 

If with the same fluid column membranes of different thicknesses are 
used the pitch of the fluid sound does not vary, while the membranous 
sound is high with a thin and low with a thick membrane. This shows 
the existence of the membranous sound. , 

If with the same fluid column and membrane the tube is inclined. 
toward the horizontal, thus diminishing the tension at the bottom, the 
pitch of neither sound is varied, but both are weaker. This shows that 
the pitch is not dependent upon pressure, but upon the nature of the 
membrane and length of the fluid column. | 

Drawing inferences from these experiments as to the nature of the 
second heart-sound, we must conclude that it is composed of both 
valvular and fluid elements. A priori, we should expect this to be the 
fact, for when bodies come into collision each is thrown into vibration, 
and each contributes to the sound produced. This conclusion differs 
from Professor Talma’s as to the existence of a valvular sound. 

The determination of the precise components of which the second 
heart-sound is the sum, might be of great importance in the diagnosis of 
diseases of the valves or arteries, but is hardly to be expected. The 
arteries with their numerous branches would not give a single tone like 
that of a column of water in a glass tube; each of the semilunar valves 
would add its individual note, and the vibrations of the walls of the 
vessels might make minor contributions. 
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Note on Messrs. Morr anp Paper, P. 188. 


In a paper published a year ago in the Deutsche Zeitschrift f. Chirurgie (Vol. x11.) 
under the title of ‘‘ Klinische Studien u. Erfahrungen aus der Chirurg. Klinik in 
Géttingen,’’ the contents of which have become known to us since the above paper 
was in print, the author states that Prof. Meissner has recently made ‘‘a very complete 
and perhaps conclusive series of experiments,’”’ of which the leading results are as follows : 
Various organs of cats and rabbits—such as whole kidneys, spleens, pancreas, and bits of 
liver—taken from animals just killed, have been successfully kept, without septic change 
and without the use of any antiseptic, sometimes immersed in water, sometimes exposed — 
for two or thrce years in vessels of which the air was free from dust. In the preparation 
of these organs nothing was done which could have the effect of killing any germs which 
might have previously existed in them. The only precautions used related to the purity 
of the water, of the glass vessels, and of the instruments used. The vessels were first 
plugged with cotton wool and then heated to 160° C. The water was distilled into 
them from a glass apparatus specially constructed with a view to the exclusion of dust. 
The instruments were kept in alcohol and drawn through the flame immediately before 
use. The operation was done in a room as free from dust as possible, without spray, 
and without more assistance than was absolutely indispensable. Farther details are not 
given. It appears that Prof. Meissner’s experiments, which were communicated to the 
Medicinisch-Naturwissenschaftliche Gesellschaft at Gdttingen, have not been published in 
full. Dr. Rosenbach speaks of his own short notice as a ‘‘ Vorlaufige Verdffentli- 
chung,’’ made by him with Prof. Meissner’s permission, and so far as we have been 
able to ascertain nothing has appeared since. Without further information, no judgment 
can be formed as to the value of the results, but what has been stated is sufficient to 
indicate that the question is as yet undecided. It is worthy of note that all the experi- 
ments showed that the development of organisms was dependent on temperature. 
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OPTICAL ILLUSIONS OF MOTION. By H. P. BOWDITOH, 


M.D., Professor of Physiology in the Harvard Medical School; and by 
G. STANLEY HALL, Ph.D. Plate XVIII. 


In 1834, R. Addam described in the Philosophical Magazine the fact, 
often before observed, that when, after looking at a sheet of falling water, 
the eyes were turned towered the adjacent bank, the latter with the rocks 
and trees upon it seemed for a short time to move slowly upward. This 
was explained by Addam and also by EB. Javal by assuming that the 
eye followed the falling mass a moment, and then slipped back, and that 
this oscillation was associated with the impression of motion downward, 
but, by continuing after the eye had been turned upon a stationary 
object, caused us to attribute to the latter 2 movement in the opposite 
direction. This explanation is vague, was not favoured by the studies 
of nystagmus which it prompted, and has since been shown to be 
worthless, as we shall see later, by the fact that opposite motor after- 
effects are possible for the same retina at the same time. | 
Analogous observations were later made by Sir David Brewster 
in the early days of railroad travelling’. When, ¢.g., after looking at 
objects from the window of a car we suddenly turn the eyes to the floor 
within, the latter seems to move away from our feet in the opposite 
direction. This apparent movement Helmholtz designates as dizziness 
(schwindel)*, and explains it by saying that when the traveller tries to 
fixate the objects near the train outside, his eye must be moved rapidly 
in a direction opposite the motion of the train. After he has become 
accustomed to regard the volitional impulses thus put forth as adapted 
to the fixation of objects, he tries, unconsciously believing his eyes to be 
motionless, to fixate: objects at rest in the same way; thus objects on 
the train seem to move in the opposite sense although they are relatively 
at rest. If, Helmholtz continues, instead of looking out of the car, 
a point on the window-pane be fixated, this optical dizziness does not 
occur, because no motion is made by the eyeball for the fixation of 


1 See British Association Reports, 1845, ’48, °61. 
2 Physiologische Optik, pp. 602-4. 
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objects, although those lying beyond the window-pane (and hence not 
accommodated for) are seen to flit past as before. Neither this nor the 
analogous experiment of Helmholtz upon the way in which opening 
and closing the eyes affects the apparent motion of objects after the 
cessation of a whirling movement of the body round its own axis 
is entirely in accordance with our observations. This hypothesis might 
explain the after-effects of any continuous or uniform motion in .one 
direction, as, ¢.g., when the drum of an ordinary kymograph suddenly 
stops ; but the apparently opposite movement of a rotating disk when 
arrested, which Helmholtz thinks due to slight and probably circular 


movement of the eyeball following the movement of attention in tho 


indirect field of vision, has led us to the opinion that modifications of 
muscular tension are but one of the less important factors in the 
explanation of this illusion.. The phenomena of the rotating spiral 
which Helmholtz admits belongs to the same class of illusions, and 
especially the opposite after-effects of two spirals rotating in opposite 
directions at the same time and near together observed by us, seem | 
conclusive against this theory. 

More recently Dr. F. Guthrie, Aitken’, and especially Professor 
Silvanus P. Thompson, have made valuable additions to our knowledge 
of these phenomena’. The apparent movement of the moon behind fast- 
flying clouds, the apparent backward motion of the water near the shores 
of a large river if the current is rapid at the middle, the apparent ducking 
forward of the masts of a ship in passing under a bridge from which it is 
observed, the seeming revolution of the landscape about any intermediate 


fixation point viewed from a moving train, the backward motion of. 


stationary objects after viewing a procession,—these are a few of the 
more familiar forms of this class of illusions which Thompson proposes 
to call illusions of “subjective complementary motion” and to regard 
them as analogous to the more familiar phenomena of subjective com- 
plementary colours. His law is stated as follows: ‘“ The retina ceases to 
perceive as a motion a steady succession of images that pass over a par- 
ticular region for a sufficient time to induce fatigue, and on a portion of 
the retina so affected the image of a. body not in motion appears by 
contrast to be moving in a complementary direction.””. But the analogy 
between colours and motions in different directions in space is at best 
only remote and symbolic, so that the explanatory power of this law is 
' Proceedings of the Royal Society of Edinburgh, Nov., 1878. 


* See articles by 8. P. Thompson in The Philosophical mengerine, 1876, in Quarterly 
Journal of Science, March, 1879, in Brain, October, 1880. 
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extremely slight. Not only is the term “complementary” used with 
radically different connotations in the two cases, but Thompson is 
himself in doubt whether the phenomena he describes are after all sub- 
jective, or whether they may not be susceptible of a physical explanation. 
He says, “If the eye can alter at will the actual size of vertical images 
by double muscular adjustment between the magnifying power of the 
lenses of the eye and the distance of their equivalent optical centre from 
the surface of the retina ”’—this would “ entirely cut away the significance 
of any crucial test with rotating spirals.” Another objection to the so- 
called law is that itt our experience the retina never ceases, nor tends 
to cease, to perceive motion as such. 

Proceeding to the study of these phenomena, thie illusion: of - the 
waterfall was readily reproduced by a belt five inches wide passing over 
two rollers 18 inches apart, one of which is turned by a crank. In front 
of this moving surface a flat 4vooden frame 16 inches wide is fastened 
and both belt and frame are striped horizontally in black and white as 
shown in Fig. 1, By turning the crank the centre of this striped surface 
receives a uniform movement, which seems to be reversed when it stops. 
This illusion is not impaired by the closest attention to the margin along 
which the lines of the belt happen to match or not with those of the 
frame. “This scrutiny reveals of course in the clearest way that there is 
really no backward motion when the crank is arrested. We might 
expect that to accommodate this contradiction between sensation and 
judgment the lines would seem to bend out of their strictly horizontal 
direction, but they do not for-an instant; yet the impression of backward ; 
movement persists inexpugnably. 

_ In the second series of experiments a large pasteboard disk 22-inches 
in diameter was inscribed with a black spiral line three-quarters of an inch 
broad, with an equal interval of white, and making seven circuits before 
renohia g the circumference. (See Fig. 2.) The effects of fixating this disk 
when in revolution are so striking with some observers as to cause great 
dizziness and even nausea, while all the curious after-effects described by 
Thompson and others are very manifest. If the revolution is in the 
direction in which the spiral line approaches the centre of the disk the 
entire surface of the latter seems to expand during revolution and to 
contract after it has ceased ; and vice versdé if the movement of revolution 
is in the opposite direction. If in the former case the eyes of the 
observers are turned from the rotating disk towards any familiar object, 
e.g., the face of a friend, the latter seems to contract or recede in a some- 
what striking manner, and to expand or ae after the opposite 
21—2 
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motion of the spiral. We should expect that a straight line or a square 
hung before or fastened upon the disk so that each line passed across 
and projected beyond it would seem bent after or during the revolution. 
We should expect deflexion, especially where the image of the line left 
that part of the retinal surface occupied by the image of the disk, if not 


- indeed where the retinal area of the two coincided. This, however, is not 
_ the case. In no case is such a line or square in the least deflected, 


although the illusions of contraction and expansion are unimpaired. The 
effect is perhaps best observed by transferring the gaze from the © 
revolving spiral to a point upon a sheet of paper in the neighbourhood 
of a distinct black line. The surface of the paper seems to be animated 
with the contracting or expanding movement, while the line does not 
alter its direction in the least. Even for that part of the retina where 
the illusion is greatest the ability to judge of the straightness of lines is 
not sensibly affected. Even when lines pass across two spirals revolving 
in opposite directions, and giving rise to distinct and opposite after- 
effects, the eye being fixed upon a point between them, no deflexion 
whatever could be observed. The after-image of the revolving spiral if 
observed with closed eyes appears as a gray or yellowish circular tract 
in which the natural granulation of the field is more distinct than else- 
where on account of a peculiar boiling or seething sensation, which it is 
not easy to characterize further and from which alone it is not very easy 
to tell in which direction the spiral had revolved. This tract the line 
crosses without bending, and if the line is a broad one and is laid across 
the disk just before it has stopped revolving the boiling sensation can be 
realized on or through the after-image of the former. 

Thus the same retinal elements stimulated at the same time give rise 


to the two opposite impressions of motion and rest: How this occurs 


we can only conjecture at present. Whatever may be the explanation — 
of this phenomena the effect of the experiment is very striking, for the 
field of vision as a whole appears to be animated with a movement of 
contraction or expansion while the separate points in the field do not 
change their relative positions. The readiest assumption seems to be 
that the impression of motion either affects a different cerebral centre 
than that of the rest, or that one is more centralized or perceptive and 
the other more peripheral or more purely sensory. It is impossible to 
conceive how this persistent after-impression of motion can be a product 
of experience or association’. Experience cannot overcome nor volition 
reverse it as it-may certain perspective figures. We cannot resist 


' See Helmholtz, Physiologische Optik, p. 438. 


: 
; 
4, 
4 


OPTICAL ILLUSIONS OF MOTION. 301 


raising the question whether we may not be here very near attaining 
the quale of a real, pure sensation, not perhaps, as we might infer from 
Vierordt, itself motion, but only the more primitive element from which 
motor effects are inferred. Thompson conjectures that there may be 
“waves of nervous disturbance moving across the retina, one primary 
and in the same direction as the objective motion of the image upon the 
retina, the other secondary and later in time, giving rise to subjective 
motion of compensation.” But nothing whatever is known of the 
constitution of the retinal elements which would enable them to produce 
illusions of aggregate motion in this or any other way. While therefore 
we readily admit that the general mental “form” suggested is that of. 
elastic bodies or a disturbed fluid slowly regaining equilibrium, the 
inference that the seat of these illusions may be central rather than 
peripheral seems at present most natural. It should also be noted in 
passing that the edyes of the broad black spiral lines appear to be quite 
jagged during rotation, as if the after-impression of their images were 
more persistent at some points of the retina than at others. The after 
expansions and contractions always seemed to us constant and gradual, 
and not intermittent or jerky as they appeared to Professor Thompson. 

Another very different optical illusion of motion, described but not 
clearly explained by Thompson, is caused by giving to a series of con- 
centric circles such as are often used to test astigmatism (see Fig. 3) 
a slight but rapid circular movement, by which every point of the 
figure without rotation is made to describe a circle of the same dimen- 
sions, and at a rate which may be indefinitely varied, four or five times 
round in a second being generally most effective. This movement is 
like that used in- rinsing a circular dish half filled with water, and we 
will henceforth designate it, as Professor Thompson has proposed, as the 
“rinsing”? movement. In order to study the phenomena thus caused, 
the following apparatus (shown in Fig. 4) was devised. Two inches in 
front of an upright plank, a, two feet in height, and ten inches broad, a 
wheel, B, six inches in diameter, was fastened so that it could be turned 
in a plane with the plank by a crank behind, or, by attaching a long 
belt, by the observer, ten feet in front. This central wheel turned two 
others, c, Cc, three inches in diameter, one on each side, by peripheral 
cogs. From the face of these smaller wheels projected pivots, D, D, 
which were so arranged that they could be adjusted at any distance from 
the centre of the wheels, less than half an inch. A strip of brass, with 
a hole in one end, played upon each of these pivots, a nut on the end of 
the pivot preventing them from falling off. The two strips of brass 
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were screwed, one to each edge of a piece of thin board, £, eight inches 
square, which ,could. thus be made to move in: circles of varying 
dimensions corresponding to the excentricity ‘of the pivots. Upon this 
board were fastened the cards displaying the figures which produced, 
when rotated. as ‘above described, the illusions of motion which were to 
be studied. . Another board, £, of the same size, sliding in horizontal 
hearings, G G, could be sometied by a crank movement with one of the 
pivots and thus used to pagent to cards secured. oe ita rapid horizontal 
to and fro. 

When a'chart upon which concentric circles are inscribed is 
shaken horizontally upon the vibrating table last described, the lines of 
tne two opposite perpendicular sectors remain very distinct, while the 
lines ‘upon the lateral sectors are blurred, or become quite gray if 
the movement is through a space equal to or greatér than the width of 
the lines and‘is very rapid. This is due to the fact that so long as the 
movement is in: the same direction as the white lines, as in the case of 
the. perpendicular sectors, the same retinal elements are constantly 
stimulated, while if the movement is across them, as it is over the lateral 
sectors, alternating images of the dark and light lines follow each other 
in rapid succession across the same retinal surface. This fact is the key 
to the explanation of the phenomena caused by the same chart upon the 
other or rotating table when the circles seem to revolve. During every 
instant of the “rinsing”? movement here, all lines in the same direction 
as the motion are distinctly seen, and all those at right angles to it are 
blurred. This explains the phenomena of alternate light. and dark rotating 
sectors, and, in a large figure with many concentric circles the radius of 
most of which is very large compared with the excentricity of adjustment 
of the table, this is the chief cause of the illusion, which is distinctly 
observable if a dozen central circles are covered and only a: few 


peripheral ones seen. At every instant all retinal impressions along 


one diameter are prolonged and intensified, while along another diameter 
at right angles to the first all impressions are shortened and obliterated, 
and the diameter on which Siese effects are observed, being shifted at 
each instant by the “ rinsing ” movement of the chart davonens the wags : 
of rotating sectors. | 

But now it is plain that somewhere, near ‘the centre of the entire 
figure of concentric circles, must be a circle some point inthe circum- 
ference of which will siecle be presented to a fixed eye, because its 
radius is equal to that of the “rinsing” movement. This circle will, 
therefore, present the appearance of a circle revolving about a point in © 
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its circumference, as will be seen in Fig. 5. In this figure the circles 
drawn round the points a, B,C, D, represent four successive positions | 
assumed by the system of concentric circles in consequence of the card 
on which they are drawn having the “ rinsing ” movement represented 
by the broken circle a, B, 0, D, and it is evident that the optical 
effect is the same as if the entire system rotated about a point in the 
circumference of that circle, whose radius is equal to that of the 
“rinsing” circle (Circle 2 in Fig. 5), or in other words about a point 
in the centre of the “rinsing” movement’. This we readily demon- 
strated by rotating a figure representing a system of concentric circles 
round a slightly excentric point in the figure. In answer to the question 
why the latter movement never suggests the illusion of the former 
“rinsing” movement, we can only reply conjecturally, that we are 
probably more used from ordinary experience to associate all movements 
of circles with rotation so far as the phenomena will permit us to do so 
| - with so unusual a movement of circles as that of “ rinsing.” 

“There remain only the residual phenomena of fainter, secondary, 
and often partial revolving rays or sectors which many eyes detect, for 
which we can only suggest the following possible explanation. If we 
contemplate the star-test for astigmatism, made of, ¢.g., six straight lines 
crossing each other at equal angles in the centre, we shall observe, if we 
are astigmatic, that one or perhaps several of these lines will seem 
blacker or more distinctly drawn than the rest. If, instead of fixating 
the point of common intersection we accommodate for one of the 
primarily fainter lines, it, and perhaps others will in turn seem blacker 
and more distinct, and those that were formerly so will in turn appear 
fainter?’ Thus we may let'an astigmatic eye circuit about such a figure 
fixating radius after radius, each transition bringing into greater 
distinctness not only the line fixated but certain other lines for which the 
lens in éach ‘position chances to have a homocentric focus, We have 
thus only to suppose that the astigmatic lens is slightly and perhaps 
unconsciously accommodated for the different positions of the primary 
light sectors above explained as they revolve, in order to account for 
- the phenomena of the’ apparent rotation of the secondary ones. The 
form and number of the latter would of course vary with the astigmatic 
peculiarities 1 in the form of individual lenses. ‘These changes might be 


_.| .) Since writing the above we have observed a remark of asia s unnoticed before, 
that ‘<the optical effect is equivalent to that of a ring excentric to an equal amount and 
actually rotating.” The context of the remark, however, renders it doubtful whether its 
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due to reflex modifications in the tension of the ciliary muscles, in 
which case the changes in the form of the lens would probably be too 
slight for the optometer to detect, and they and every modification in 
the direction of the attention waht perhaps be quite independent of any 
movement of the eye-ball. 

Finally it should be remarked that within wide limits the degree of 
illusion was found to be independent of the excentricity of the circular 
movement, and that no such proportionality as Professor Thompson 
conjectures was discernible between the latter and the width of the ~ 
concentric circles. 

The apparatus above described enables us moreover to silane 
another very different class of phenomena also studied by Thompson. 
If, from a single strongly drawn circle a number of cogs project inward 
at equal intervals, the “rinsing’’ movement of the table causes an 
apparent slow movement of the circle in the opposite direction. This 
effect may be heightened by contrast if several such figures surround a 
system of concentric circles, as in Fig. 6, or vice versa if one cogged circle 
is surrounded by several sets of concentric circles, as in Fig. 7. To be 
best seen the diameter of the “ rinsing”’ circle should be about equal to the 
distance between the two adjacent cogs, although this admits of such very 
wide variations that it is impossible to lay down any rule. Beside the 
above circle with inward cogs another was drawn with cogs projecting 
outward, as in Fig. 8, when it was found that with the same movement 


of the table the two circles seemed to rotate in opposite directions—the 


latter rather more slowly. Parallel lines were then drawn with cogs 
projecting inwards, or from each toward the other at oqnel alternating 
intervals, as in Fig. 9. Upon giving this figure a “ rinsing” movement 
the rows of cogs seemed to move off slowly in opposite horizontal 
directions. Even a circle composed of a series of unconnected dots was 
capable of giving rotatory effects, although less distinct than the cogs. 
We will first take up the case of cogs projecting inward from two 
straight parallel horizontal lines (Fig. 9). Neither a vertical nor a 
horizontal movement would alone give rise to any illusion of motion, 
because the impression of motion in one direction would be directly 
cancelled by the impression of backward motion in the opposite direction. 
With the movement of rotation, however, parts of the contour of every 
figure would pass through a point of space and produce a retinal 
impression which could be repeated only by the same parts of the 
contour moving in the same direction in a subsequent revolution. The 
lower edge of the lower horizontal line would be seen when the 
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“rinsing ’’ table was at the point of its lowest depression moving, ¢.g., 
to the right, and this retinal field would be confused by movements 
in no other direction. The movement of a straight line in the direction 
of its length, however, is not calculated to give a vivid motor effect. 
But when, after half a rotation the cogs, which project from the upper 
surface of the horizontal line, appear in a clear field moving off to the 
left, the motor effect, oft repeated, is vivid, for the points attract 
attention and concentrate and intensify the impression of motion. The 
backward motion of the cogs to their old position while the table is 
depressed is less distinctly perceived or realized, partly because they 
move through a portion of the field: of vision partially obscured by after- 
images of other parts of the figure, and partly because the attention is 
constantly more occupied with those parts of the aggregate phenomenon 
not thus obscured, but where motor effects are more distinguishable 
and striking. This series of processes described for the lower line with 
upward cogs would, in Fig. 9, alternate with a corresponding series of 
movements in the opposite direction in the upper line with downward 
cogs. 
If these horizontal lines were bent into semicircles, we should have, of 
course, the case of the wheel with inward cogs (Fig. 8a). Here we 
must hold fast to the same distinction between the area of confused after- 
images moving in different directions where specific effects are lost to 
conseiousness, and the peripheral areas, through which the movement of 
projecting parts is always in the same sense, and to which attention is 
chiefly attracted, as we have pointed out above. Here too it is not easy 
to measure, even approximately, the rate of motion so purely illusory, 


and the inference of which is from so extremely complex sensuous 


impressions as in this case. The degree of illusion does not seem to be 
strictly proportionate to the rapidity of the actual motion. If it is slow, 
and the attention is concentrated upon a single point or cog, the illusion 
often vanishes from that point, while the points indirectly seen still seem 
to move despite the evident impossibility of such movement, without 
distortion of the figure. If the motion is rapid, so that there is no fixation 
point, and the attention is diffused over the whole figure, the innermost 
edge of the aggregate image often seems illusively.to move more rapidly 
than the peripheral half, and independently of it. The gereral effect of 
motion is best secured in indirect vision, and sometimes is aided by 
improper accommodation. This form of the circle with inward cogs 
affords the most striking of all these illusions. The deception is more 
complete than in the previous case of parallel cogged lines, because the 
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effect of no part of the “rinsing” movement is’ lost, but during each 
instant of it new cogs are coming into the clear field of vision: within, 
and producing their motor effects, while with the -horizontal lines. the 
vertical’ movements are without effect, and again’no doubt because a 
circle more readily suggests rotation’ from our ordinary experience than 
parallel lines suggest movement in their own direction. The eogs may 
be too few, and the distance between them so great compared with the 
diameter of the “rinsing” circle, that absolutely no rotatory effect is 
produced, or again they may be too numerous, and. the effect greatly 
reduced. ‘The explanation of the opposite movement of a circle with 
outward cogs is conversely analogous to the above explanation of the 
movement with inward cogs. ‘Why, when the interval between the points 
of the cogs is the same in both cases, this movement with external should 
seem ‘slower than that with internal cogs, it is not easy to see, especially 
as a circle with cogs projecting both ways always remains stationary, as 

if contradictory sensations or inferences from without and within the 
circle cancelled each ‘other. Bat why then do we have under some | 
circumstances a slow, quasi residual rotation if the circle is not drawn at 
all, and we use only a series of unconnected dots or cogs, arranged in a 
circular order, and not too far apart? A study of the movement of the 
cogs as related to that of the circle in the two cases throws little light 
upon the subject. That part of the path described by each cog-point that 
is free from the after-images caused by the “rinsing ”’ revolution of the 
circle, is of course greater for outward than for inward cogs. This is 


_ because the former describe a curve with its convexity in the same direc- 
tion as that of the circle from which they project, while’ for the latter 


some effect is always lost by radial motion (see Fig. 10). Thus when we 


_ reflect that this difference might be made to increase as the diameter of 


the “rinsing” circle approximated that of the circle upon which the 
cogs project, it would seem that such a combination of the variable 
elements of the experiment might easily be made, that the illusion with 
outward cogs would be'greatest. This, however, is so far from being the 
case, that the circle with outward cogs often does not seem to rotate at 
all until the “rinsing’’ movement is so rapid that the secondary effect of 
rotation in the opposite direction, caused by movement of cogs through 
the blurred part of the field, as above described, is produced, when the 
illusion of two opposite rotations, one within the other, suddenly arises 
and, perhaps with a little slowing of the actual movement or a greater 
effort at fixation, as suddenly vanishes. On the other hand, if anything 
depended upon the amount of angular movement caused by each 


4 
4 
4 
$ 
4 
> 
7 
| 
4 
$ 
; 
q 
§ 
4 
{ 
? 
- 
q 
: 


Swi 

. 


| 


] | 


| 
q 


by 
1 l 
¥ 
4 
x 4 
4 
4 
g 
a 
4 
5 4 
a a 
“a 
1 
‘ x 
4 
i 
a a 
% 4 
“ig 
7 
Fi 
4 1§ 4 
‘J 
i 
: 4 
<a 
a 
‘ 
4 
4 


x 


. te 

hy 

JA 

+4 

ia 

j 
; 
hy 
x 
4 
< 
et = 
9 
a 
¢ 
* 
i 
iM 
* 
A 
2 
3 
a 4 
a 
+ 
$4 
aa 
Ary 
ty 
+ 
a 

4 

ie 

x 


fed 
Fi 
Fi he a 
a 
4 
K 
> 
} 
yy 
q 
5 
q 


| 
4 
ahs 
| 
voli 
; 
} 
St 
a 
| 
| 
‘ 
4 
= 
‘ 
= 
; 
} 
| 
a 


OPTICAL ILLUSIONS OF MOTION. 307 


“rinsing” rotation, we should expect that with the dimensions compared 
by us, the illusion would be, as it is, less with outward cogs. These rela- 
tions can be seen in Fig. 10, in which the small circles represent the 
space through which a single cog passes with each “rinsing ” movement, 
and in which the unshaded part is unobscured by after-images. 
_ If the above supposition were really an explanation, then two adjacent 
circles of the same size as that of the figure, one with outward and the 
other with inward cogs, should seem tq rotate with velocities which are 
related as the angles Ac B and DCE respectively. That this is not the 
case may be ‘seen by pinning: two series of circles, as in Fig. y upon 
the “rinsing ”’ table, with effects above described. | 

The only explanation we can propose is suggested by the very 
narrow limits of the field of most distinct vision’. Even for motor 
impulses it is not easy for the attention to be dispersed over a wide field, . 
and it must especially be more natural for it to take in the sum total of 
effects from the inside of the entire figure, while many outside effects 
_ are lost to consciousness and all are probably enfeebled, than, conversely, 
_ to neglect the central contours and distribute itself acti them. Even 
when turned upon a portion of the indirect field of vision, to do this 
would be—to speak paradoxically—to make its centre indirect. This 
explanation seems not improbable when we reflect that the very function 
_ of atterition seems to be to exclude most of the many sensuous impres- 
sions'we ‘are continually receiving and to connect all others that are 
admitted to consciousness ‘at a given moment, however dissimilar they 
may be, into a single complex concept®. It is true of attention as of 
_ vision; that the narrower and sharper: its focus, the darker the rest of 
the’ field becomes ; so that to neglect central shapes and processes in a 
circular figure and take in all its peripheral phenomena at the same 
moment would be as impossible for one as for the other. 


1 See E. H. Weber, in Wagner’ 8 Handworterbuch, Ba. p- 632. See ale 
pp. 558-9. 
Hermann’s Handbuch der Physiologie, Bad. 1., Theil 9, p. 283; and Wundt’s 
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REFLEX MOVEMENTS OF THE 


FROG UNDER THE 
INFLUENCE OF STRYCHNIA. GEO. L. WALTON, M.D., 
Boston, U.S.A. : 


(From the Leipzig Physiological Laboratory.) 


As long as animals in a normal condition were used for experiments 
upon reflex movement, it seemed probable that these movements were 
limited by fixed anatomical associations of reflex centres into groups 
which connected certain nerves of motion with certain nerves of 
sensation. Such an arrangement of cells and fibres in the central 
nervous system would explain the co-ordinated series of movements made 
to remove an irritation from a certain spot, as is seen on the application 
of a weak acid to the skin of the brainless frog. To explain the spread 
of the movements to new sets of muscles on increasing the irritation or 
the sensitiveness, one would need only to extend the hypothesis, and 
suppose these groups constituting the reflex apparatus to be connected 
in such a way that two or more could be brought into action at once 
without losing their several attributes. 

This theory fails, however, to explain the appearance and extent of 
the reflex eonvideiane in an animal poisoned with strychnia. When a 
certain amount of this alkaloid has been absorbed, any stimulus, wherever 
applied, causes, as is well known, a spasm in all the muscles of the body, 
as if all the motor nerves were connected in the circuit of an induction 
coil. If then, during strychnia poisoning, every motor nerve in the 
body is capable of being called into activity by the stimulation of any 
sensory nerve, all these nerves must be freely connected in the spinal 


cord; for the strychnia certainly cannot bring about a change in the 


arrangement of fibres. 
The small dose and short time required to produce strychnization 
lead to the supposition that a change takes place in the structure of 
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the reflex centres and their connections, so that they reply to stimuli in a 
manner quite different from the normal. 

All the phenomena of strychnia poisoning must be explained in this 
way. For example, the reflex irritability is not only extended, but 
increased in intensity, so that short and slight stimuli produce powirfal 
and continued contractions. Another peculiarity is the altered relation 
of contraction to.stimulus during strychnia poisoning. It has been 
pointed out by Wundt? and has been confirmed by my experiments, 
that:a stimulus which is strong enough to produce any reflex contrac- 


tion in a muscle produces a maximal contraction, and the muscle will . 


not react more strongly if the greatest possible stimulus is applied. 

The range of stimuli through which the contraction varies with the 
intensity of the stimulus, becomes shorter as the effect of the poison 
increases, and when a certain grade of poisoning is reached the step is 
infinitesimal from a stimulus which produces no contraction to one 
which produces a maximal. 

In this respect the poisoned cord bears the same relation to the 
normal one that the heart bears to other muscles, and it seemed to me 
important to continue the investigation of this relation. In the course 
of my work other facts were developed, which I hope will prove of 
interest. In relating these facts I shall confine _— entirely to my 
own observations. / 


Method of Experimenting. 


My experiments were made on frogs-whose cords were cut through 
just below the medulla, after which the brain was broken up, and a piece 
of wood inserted. ‘Loss of blood was carefully avoided. After the cord 
-was cut the strychnia solution was injected into the lymph sac on the 
back. While the poison was taking effect the frog was secured to a 
stout board. A large pin was passed through the insensible head into a 
cork support. The knees were made fast in a clamp covered with rubber. 


The tendo Achillis was exposed and divided ; to its free end a thread | 


was attached, which ran over a pulley to a writing lever. The leg, just 
below the point where the tendon was exposed, was fixed to the board. 
In this way the contractions of the gastrocnemius muscle only were 
transmitted to the lever. These I used as a measure of the reflex move- 
ments. Experience showed that this was justifiable, for the amount of 


$ Tuteronsmigei zur Mechanik der Nervencentren, 2te Abtheilung, 1876, 8. 70 ff. 
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contraction, other conditions, to be mentioned later, remaining the same, 
was found to be quite independent of the point of stimulation. 

The movements of the lever were registered on’a revolving drum. 
The rapidity of revolution of the drum was registered by means of a 
pendulum marking seconds. In this way both the height and length of 
the contraction could be measured as well. as its general. character. 
A weight of 10: grammes was always attached to the tendon. : 

_ For stimulation served, when the skin was to be irritated, the opening 
stream from the secondary coil of an ordinary kadeokiel apparatus 
worked by a Grove cell. The closing stream was always short circuited. 
When the stimulus was to be applied directly to a sensory nerve a 
shock from a constant current was used, non-polarizable electrodes being 
laid on the nerve, a delicate rheocord in the short circuit serving to 
regulate the strength of the stream. For reasons which will appear 
farther on, the greatest care was used in this regulation. 

In many of the experiments it was necessary to repeat. the sdimilions 
regular intervals of chosen length. When the intervals reached ten 

seconds or longer the stimulus was regulated by the hand, with the aid 
of the pendulum ; but when shorter intervals were disived the current 
was opened and closed by. a wheel revolved by clock-work, to which was 
combined an arrangement for short circuiting the closing current from 
the induction coil. The making and breaking was always done by the 
dipping of a wire into mercury, the surface of which was kept clean by 
running water. The electrodes were applied as previously stated, either 
to the uninjured skin or to a nerve stem. 

As it proved necessary in many experiments to change quickly the 
location of the stimulus, several sets.of electrodes were generally applied 
before the experiment, as, e.g., to the skin of the different extremities, 
and connections so arranged that the current could be transferred Foi 
one set of electrodes to the other without moving the electrodes them- 
selves. In this way, when the skin was stimulated the four feet could be 
used, but when a nerve was stimulated only three could be used, i.e., the 
two hye brachial nerves, and the sciatic nerve of the opposite leg to 
that whose gastrocnemius was used to register the contractions. 

It was not easy to obtain and keep a desired degreo of poisoning. 
At first the following method was tried :—The frog was placed 3 in a 
strychnia solution of a certain strength, and allowed to remain until 
presumably an equilibrium was established between the frog’s blood and 
the bath. The brain was then quickly and carefully déatroyed the body 
wrapped in cotton wool soaked in the strychnia solution, and so made 
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fast to the board, the cotton wool being kept constantly moist with the 
solution. | 

The results of this method of poisoning were not satisfactory. In 
‘the first place, many frogs died from the convalsion brought on by the 
operation of destroying the brain. A still. greater. objection wag the 
* irregularity of the strychnia absorption. Several frogs of the same size 
and weight, which had remained for weeks under similar conditions, 
being placed in the same bath, exhibited quite different degrees of 
poisoning. A quite constant condition could sometimes be maintained 
by this method, but the results were on the whole so irregular, and we 
delay attending it so great, as to compel its discontinuance. — | 


Injecting the strychnia into the aorta proved equally mlialinbakbes. ea 


for the effect of the operation on the frog more than counteracted the 
advantage of bringing a known quantity of the solution into the blood. 

The most successful method of poisoning proveds to be. the ordinary 
one of injecting into the dorsal lymph sac. This method was particularly 
satisfactory when different degrees of poisoning were to be produced in 
the same frog. A 001 pare solution of was 


of the under the influence of 


In repeating Wundt’ s experiments on the relation between, the con- 
traction and the strength of the, stimulus, I found that another factor must 
be taken into consideration in order to show that in strychnia con- 
_vulsions the muscular contractions are not in relation to the strength of 
the stimulus. This factor is the period of time between successive 
stimuli. Ifa certain number of seconds, ¢.g., have elapsed since the last 
stimulus in a given case, it is true that the following stimulus, if only 
strong enough to call out any reflex movement, calls out a maximal one. 
If, on the other hand, the second stimulus is given without allowing this 
period to elapse, the. contraction will vary with the strength of the 
stimulus. This rule holds good in every grade of patqoning strong 
enough to produce general convulsions. 

The length of this period is dependent on the degree of 
poisoning. If this is very high, the spinal cord returns to its sensitive 
condition with great rapidity, perhaps in a few seconds, whereas when 
the frog is feebly poisoned several minutes’ pause may be — before | 
the contractions become independent of the strength of stimulus. | 
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The following experiments will suffice to illaateate this point :-— 


Experiment I—Weight of frog, 87 grammes. | Stimulated by indaction 
current applied to the skin of the toe. Strychnia was-injected three times. 
The period which must be allowed to elapse before ge contraction was 
independent of the stimulus, was— 


After injection of 2°40 c. ... 15 sec. 
After adding 3°00 c. c. vis 
After adding still 3°60 c. 


Experiment I —Weight of frog, 47 grammes. The sciatic nerve was 
stimulated. A very small amount o ‘the solution was injected, a” the period 
found to be three minutes, The same quantity was en and the period 
was shortened to one minute. | 


This fact can be still more easily illustrated by poisoning two frogs to 
a different degree, afid comparing the periods. A practical application 
of this point is seen in demonstrating strychnia convulsions to a class. 
When the frog is powerfully poisoned the stimuli may follow each other 
with great rapidity, whereas if the degree of strychnization is slight, the 
demonstrator must allow a sufficient pause between them, or the charac- — 
teristic convulsion fails to respond as before to a slight stimulus. 

The height of the contraction depends, as well as the period just 
described, upon the strength of, the poison. The following experiments 
will serve to illustrate this. All the contractions were produced in the 
same frog, by the same stimulus, and the period was allowed always 
to wri in which the contractions varied with the stimulus. 


 Eaperiment I.—Hind foot of frog stimulated by induction current. 


After injecting 2°4 c. c. the height of the contraction was 5°25 mm. 
After adding 3°0c.c. sp mR 9°10 mm. 


Experiment IT. _Weightof frog, 75 grammes. Sciatic nerve stimulated b 
shock in constant current. N on-polarizable electrodes. ‘ 


After 4 c. ¢c. chnia ; contraction == 5°6 mm. 
After 9 c. c. additional ; »  ==13:00 mm. 


A still simpler method of observing the difference in the contractions 
under strong and weak strychnia influence, is to inject a moderate dose 
and stimulate a number of times while the strychnia is taking effect. In 
this way all the grades of poisoning may be studied in the same frog. 
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Kaperiment.—Weight of 45 The contractions of the right 
trocnemius were recorded induction coil was used to stimulate the 
in of the two arms and the left f foot. 


Recording was commenced as soon as-‘sehsory irritation general 


convulsions. In stimulating, the coil was pushed to the int at 
which a reflex movement could be produced. It will be perceived that this 

int became more and more distant as the poisoning became stronger. That 
is, the spinal cord becomes, under strychnia, sensitive to weaker stimuli, while 
the reflex movements prod roduced by those stimuli become greater. The 
necessary period was of course allowed between the stimuli. This became 
shorter as the poisoning proceeded, as has been already stated. : 


0°6 mm. 20 2°2 mm. ... 24. |. 21mm, 24 
2°2 mm 24 71mm.. 29 78 mm. 82 
9°0 mm. 30 10°0 mm. . 80 9°8 mm. 403 
10°0 mm. 85 |107mm...|. 40. | 12-7 mm. 43 


We come now to the consideration of the reflex irritability during the 
period. 

There are two ways of investigating this. In both the first. step is to 
determine the period at the given grade of poisoning, i.e., to find the 
time which must be. allowed before different stimuli produce the same 
reflex. This having been determined, the first method is to stimulate at 
varying times during the period with the same stimulus; the other is to 
keep the time constant and vary the stimulus. 


The details of the first series of experiments are as follow. Suppose 
that, asin the experiment given below, the period has been determined 
as twenty seconds. The first stimulus is given and produces a maximal 
contraction. The second stimulus is given in one second, and tlien a 
pause, of twenty seconds is allowed, followed by another sifu, which 
of course produces again a maximal contraction. This stimulus is 
followed by another in two seconds. Another pause of twenty seconds 
is allowed, then a stimulus given, followed by another in three seconds, 
and so on till contractions are obtained — all parts of the 
period. 
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of frog, 60 grammes. Period, 20 seconds. The 
numbers under the Roman numerals represent the height of the maximal 
contractions obtained always after the lapse of 20 seconds. The other 
numbers show the contractions at varying intervals of time from these 
maximal contractions :-— 


I.—2 secs. pause. II.—65 secs. pause. III.—7 secs. pause. | TY.—10 secs. pause. 
mm. mm. mm. mm. mm. mm. mm. mm. 
2°2 8°0 8°0 4°7 

| 
On constructing a curve from these figures we see that the irritability 
returns steadily till it reaches a maximum. It is as if the charging of 
the reflex cells with the irritability characteristic of strychnine took 
place gradually after a maximal discharge. In the example given, the 
curve is found to be almost a straight line. So constant a result was 
— in every case obtained, though always approximately so. 


The other method of studying the irritability during the period i is to 
use varying stimuli at the same time after the maximal contraction. 
This will show whether the poisoned cord is able at all times to answer 
varying stimuli with a constant reflex. That this is not the case, and 
that the strychnized cord is at some stages capable of answering varying 
stimuli with proportionate contractions, the tollowing example will 
show :— 


ment.—Weight of frog, 50 pridiatinic Period, 10 seconds. Stimuli 
from induction coil. en the two rollers were 60 mm. apart the stream was 
just strong enough to ig a reflex, and that of course a maximal one if 


the 10 seconds had ela 
1. Height of contraction when therollers were 60 mm. 


apart 21°7 
. Height of contraction after pause ‘of 8 ‘seconds, 
rollers 60 mm, apart 4°3 
. Height of contraction after pause “of 10 seconds, 
rollers 60 mm. a A 23°8 
. Pause of 8 seconds, distance of rollers 40 mm. cae 12°8 
. Pause of 10 seconds, distance of rollers 60mm. 23°0 
. Pause of 3 seconds, ‘distance of rollers 20mm. .... 22°1 
. Pause of 10 seconds, distance of rollers 60 mm. .... 22°8 - 


The height of the reflex contraction, then, following the maximal 
contraction after a pause of three seconds, rose from 4°3 mm. to 12°8 mm. 
to 221 mm. on pushing up the roller from 60 to 40 to 20 mm. distance 


from the primary coil. 
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We may express this altering condition of reflex irritability as 
follows. After each discharge the reflex apparatus goes through a 
period in which it is similar to the normal in replying to different 
stimuli in relation to their strength. During this period, as at the end of 
it, the apparatus differs, however, from the normal in the fact that the 
reflex is always a general convulsion, and not a co-ordinated movement. 

After having considered the condition of the reflex apparatus directly. 
after the discharge of a maximal contraction, it will be easy to under. 
stand what takes place in the slightly or strongly poisoned cord on the 
application of stimult following each other in rapid succession. | 

When a large dose is exhibited a slowly falling tetanus is produced ; 
when, on the other hand, the cord is slightly poisoned, the muscle 
resumes almost instantly its natural length after answering to the first 
of the series of stimuli. 

A similar difference is seen in the moderately ‘lead frog on 
applying series of strong and of weak stimuli. In the former case 
the tetanic curve sinks slowly, in the latter rapidly, to the abscissa. . 

The appearances following repeated stimuli are due not only to the — 
condition of the cord, but in part to wearying of the nerves of sensa- 


tion. This can be shown by changing the point of stimulation. Ifthe _ 
falling of the contractions has been due to the wearying of sensory — 


nerves, the contractions resume their former height on applying the 
stimulus to fresh nerves. This fact must be taken into consideration 
in making accurate comparative experiments. 

There is no summation, in the strychnized cord, of stimuli separately 
incapable of producing a reflez.—In the normal condition the repetition 
of such stimuli produces at last a reflex, but in the poisoned frog 
the rapid application of an indefinite number of electric shocks of a 
strength only slightly below that required to produce a single convulsion 
remains ineffective. As soon, however, as the boundary is overstepped, a 
maximal contraction follows. 


Condition of motor and sensory nerves under the influence of strychnia. 


_ With regard to the motor nerves! we find contradictory opinions. | 
According to some authors they are not affected, while others state 
that they are paralyzed or partially so. I have satiated myself that the 
former is the case. To show this fact to the best advantage the nerve 


' See the older literature in Martin Magron et Buisson, Journal de la Physiologie, 
1860, p. 346. 
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should be cut"before the poisoning to eliminate the effect of wearying by 
continued convulsions. The weakest stimulus should now be found 
which, applied to this nerve, is capable of producing a contraction in its 
muscle, The height of the contraction should also be noted. The 
frog is now poisoned powerfully enough ‘to cause death with the 
characteristic convulsions. The minimal stimulus capable of producing 
a contraction being sought at any period of the poisoning, or for hours | 
after death, this stimulus will be found to be quite as weak as that before 
the poisoning. The height of the resulting contraction is also the same 
as before. This experiment, which I have repeated many times with 
unvarying result, shows conclusively, it seems to me, that. the motor 
nerves aré not affected by strychnia. 

The character of the curve given by the sontradtions just described 
was the same, as well as the height, before and after the poisoning. 
The character of. the contraction of muscles which have taken part in 
the strychnine cramps differs from that of those which have not, in being 
lower and in falling more gradually to the abscissa ; this erie simply 
wearying and not paralysis. 

The reflex contraction was in all cases bibinio, though Saves appt 80 
short as to resemble a single muscle contraction. 

Sensory nerves in strychnia poisoning.—These are affected as little 
as the motor nerves. The fact that an ‘extremely slight sensory 
irritation . produces a powerful cramp might lead to the belief that the 
transmissibility of impulses through the sensitive nerves is increased. 
‘That this is not the case is.easily shown as follows: The leg is 
bound tightly by a ligature which includes all the tissues except the 
sciatic nerve.’ The frog-is then poisoned. As’the circulation is shut off 
from the lower part’ of the leg; the ony: nerves of the foot are fot 
affected by the poison. ~ 

When stimuli are applied to this foot same are 
from the same strength of stimulus as when other parts’ of the skin are 
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Ezperiment.—The left thigh of a frog exclusive of the nerve was tightly 
ligatured. Electrodes were applied to the left foot and to both arms. 
Contractions of the right gastrocnemius w were recorded. A scion dose of 
was 


Distanoe Height of contraction on irritating 
coil Right hand. | Left hand. | Left foot. 
At first | 24mm 21 81 21 
Later 80mm | 9°0  10°0 
Later 85 mm. 10°0 
Later 40 mm. 98 10°7 


In this experiment, as in all similar ones, the reflex contractions rose 
in height, and the minimal stimulus fell at just the: same rate when 
stimuli were applied to the unpoisoned as when applied to the poisoned 
sensory terminations. After the experiment the foot was cut off, and 
no blood flowed, the blood supply of the was quite 
cut off. 


“General Consideration of Strychnia Poisoning. 


_ B ince strychnia and curare belong to the same botanical family, 
many toxicologists have sought to establish a similarity in their effects}. 
These experimenters hold that in a certain stage of strychnia poisoning the 
motor nerves are paralyzed. The few experiments supporting this view 
are so unsatisfactory, and those opposing it so decisive, that the fact of 
metor paralysis can hardly be accepted, and that failing, the analogy is 
not of great import, 

A certain relation may, however, exist between the two poisons in 
the fact that the central terminations of the motor nerves are paralyzed 
by one, and the peripheral by the other. That curare paralyzes the 
nerve terminations is proved, but whether strychnia acts on the ganglion 
cells of the cord must be left still undecided. 

As to the cause of death from strychnia, there can ‘Be no doubt that 
it lies in an alteration in the irritability of the spinal cord. It is very 
natural to suppose that a poison which can so alter the reflex apparatus, 


1 Grosskost. De action physiologique de la strychnine comparée a celle du curare, 1880. 
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can also stop its action entirely. At the same time it is beyond question 
that the exhaustion from the sensory irritation and the resulting reflex 
cramps are an important factor in the death. Often enough facts appear 
which show that the fatal result is greatly influenced by this irritation. 
We have it, for instance, in our hands to hasten or delay the death of a 
moderately ‘polled frog by either leaving it in absolute quiet or keeping 
it irritated. Of two frogs similarly poisoned one may be killed in a few 
minutes by applying a succession of electric stimuli, while the other may 
be found still irritable after an hour or more if placed quietly under a 


jar. 


The supposition that tindiain only kills when it has attacked the 
reflex centres in the spinal cord is strengthened by experiments on 
invertebrates. Claude Bernard’ made the discovery that their 
reflex movements were unaffected by strychnia. In confirmation of his 
results I have found that doses sufficient to kill frogs leave crabs, water 
bugs, and earth worms uninjured. Krukenberg? found, it is true, that 
strychnia injected into the crab between the cephalothorax and first 
segment of the tail caused death in three hours ; but I have found that 
the injection of distilled water in the same place generally causes death 
in still less time. This shows that the operation itself is a dangerous one. 
If this is avoided by injecting the strychnia solution into the anus till 
the alimentary canal to the mouth is filled, the operation may be repeated 
every day for days with no appreciable effect. Large water bugs are 
also favourable for experiment. I have kept them fed for a week on frog 
flesh soaked in strychnia solution with no apparent effect. Keeping the 
bugs in a similar solution for an indefinite length of time is equally 
ineffectual. 

In order to explain the immunity of invertebrates to strychnia 
poisonin g, we must either suppose that’ the reflex apparatus existing 
in the brain and spinal cord of vertebrates has an entirely different 
composition from the reflex apparatus of invertebrates ; or that by the 
aid of strychnia a combination can be formed from some substance - 
whose presence is not absolutely necessary to reflex action, and that the 
poisoning is brought about only through this combination. 

A common way of expressing the action of strychnia on the ok is 
to state that it removes the resistance to the discharge and spread of the 
reflex which exists under normal conditions’. This seems to me not 


Sur Tee effets des substances toriques, 1857, p. 363. 
Vergleichend-physiologische Studien, 1880, Abthg., p. 87. 
Text-book of Physiology, 1877, p. 416. 
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quite satisfactory on consideration of the phenomena produced by irri- 
tating the poisoned cord. This theory would explain, it is true, the fact 
that the minimal stimulus sinks and the height of the contraction rises 
as the poisoning progresses. ‘The peculiarity of strychnine does not 
however stop here, for one of the results, the general convulsion, can — 
remain unaltered, while the other, the offiGtency of the sensory stimulus, 
goes through many changes. In the poisoned animal which has 
rested a certain length of time, a slight stimulus produces a maximal 
reflex, but just after this reflex has been discharged the slight stimulus 
produces a slight reflex and the strong stimulus a greater one. . Mean- 
while all these stimuli produce general convulsions. 

The reflex action is then altered in character as well as being 
increased in,strength extended over a greater area, and the theory of 
lessened resistance explains only the latter two. An additional proof 
that the change in the cord is a deeper one than a mere lessening of 
resistance. is the fact that no summation of stimuli takes place. 

No satisfactory theory can be evolved from consideration of the 
action of sensory stimulation, for this is only an external result of an 
internal change in the reflex apparatus. As to the character and degree 
of this ehange we are still in the dark. 


Summary. 


Any stimulus capable of producing a reflex contraction in the strych- 
nized frog, produces a maximal contraction, provided a certain period 
of time has elapsed since the preceding stimulation. | 

The period which must elapse varies with the degree of poisoning, 
being only a few seconds when the frog is strongly poisoned. 

During this period, the contraction is dependent on the strength of 
the stimulus, being absolutely relative to it at the beginning of the 
period, and becoming gradually less so as the period advances. 

All these contractions are of the nature of a general convulsion. 

Stimuli separately inadequate to produce a reflex movement will not 
produce one when repeated, that is, there is no “ summation ”’ of stimuli. 
This is one of the most striking respects in which the poisoned differs 
from the normal cord. 

The minimal stimulus capable of producing a reflex movement - 
becomes less and less as the poisoning increases, and the contractions 
produced by these stimuli become meanwhile greater. 
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The motor and sensory nerves are unaffected by strychnia beyond 

the wearying due to repeated activity. 
| Invertebrates, as far as experimented on, are not susceptible to 
strychnia poisoning. 

Death from strychnia, though probably due primarily to an alteration 
in the central. nervous system, is greatly influenced by the amount of 
convulsive action: the frog which is kept as quiet as possible remaining 
alive much longer than the one which is constantly stimulated, the nee 
of. powoning the same in both cases. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE ACTION 
OF CERTAIN DRUGS UPON BODILY TEMPERATURE. 
By Dr. H. 0. WOOD and Dr. E. T. REICHERT. 


Awuonast the most frequently employed of all medicines are the so-called 
_anti-pyretics; yet their use is at present entirely empirical, since we have 
no scientific knowledge concerning their influence upon the thermic 
functions of the animal organism. This is not because no attempt has 
been made at investigation, but because these attempts have been mis- 
directed. The bodily temperatare is the result of the play between two 
antagonistic functions—heat production and heat dissipation (see Dr. 
H. C. Wood’s Memoir on Fever). Until we know whether a given 
drug which lowers bodily temperature does so by diminishing the 
produetion of caloric, or by increasing the dissipation of the animal heat, 
we have not the fundamental facts of the case, and any deductions are 
no better than speculations. .The only calorimetrical studies hitherto 
performed upon any drug are those of Dr. Bevan Lewis, which we 
shall again refer to, The method employed in the present investigation 
is that used by Dr. H. C. Wood in his research upon fever, so that no 
further explanation is needed. Unfortunately Dr. Reichert was forced 
by circumstances to leave Philadelphia before the completion of the plan 
which had been laid out for work. The present memoir is therefore 
‘incomplete; but is published because the labour involved in this kind of 


___ investigation is so great that few are willing to undergo it, and any solid 


work is of corresponding value. Without further seainlls we present 
in tabular form the experimental results we have obtained’ : — 


1 The present memoir contains the results of fifty experiments, each of hich: has 
required from five to eight hours’ work for its performance and calculation. For some 
reasong it, would have been desirable to report the experiments in full, as was done in 
Dr, W 00d's Memoir on Fever, but the great amount of space marke makes this 
impracticable i in an ordinary scientific journal. 


on 
oe 
¢ 
4 
‘ 
é 
és 
ig 
4 
bye 
~ 
ra 
| 
a 
| 


H. 0. WOOD AND F. T. REICHERT. 


1g 
LE | €8CF-IS | | | | | | 66 | 
Sh | FF8S-FE | 889-901 | IPOT-2L | 99 90FI-6E | SEIL-80I | 6229-69 -GZ| | ZI 
ZI | LO9F-FI | TE99-CSI | | | FZ9F-LIT | (9-0)-ET | Ff II 
| | $Z99-08I | | | | ZLO6-E2I | | #% | OL 
| 829-08 | | ILFL-EIT IP | FOG8-F9I | TLO9-9II | et ts 
| | SEGB-IGT | | | GIIG-EST | 1629-22 | (1-0)-F | Buoqouro | cog | #2 | 
1¢ | | F690-86 | IL .| 82066¢ | 9299-46 | +I GZ-FI I L 
| 1896-6€ | 8296-601 | 1*66-69 OL | FEO9-ZEI | T698-LL 1 9 
98 | 6986-IIL | 6609-ZF% | 26 6989-FIT | GFOF-GES | SIL-F2I | (8-0)-ST | ¢ 
91 | | | 2286-08 oF S86F-ZE | GSPL-ZOI | LEFS-OL -1)-F1 
LE | SPIL-@I | LO86-28 | | Lz | 860-901 | -T)-€1 
ch | | |. | S6IF-86 | 6000-79 GZ-FI ERS 
98 | 66F8-6E | SO8L-8hI | 9086-801 | 9¢ 66F8-6E | SOSL-SFT | 90E6-801 [1(9-0)-01| euramb | if I 


$22 
a 
| 
| 
| 
| 
4 
| 
| 
j | 
| 
| 
| 
| 
| 
| 
5 
| 
| 
> si 
, 
| 
° 
q 
3 


328 


ACTION OF DRUGS UPON BODILY TEMPERATURE. 


| | | | GIT | | | 6962-68 0} | fz 
| 7999-9 | | 9LIL68 | | | 9680-001 | €199-06 | ozz | fz | 
0-81 | 9819-6 | s6ze-zo | | 2-11 | | 190669 | g609-¢¢ 8-21) | | 
0-6 | 2010-6 | 0067-801 | | 9-2 | LLBL-2 | LEOL-BOT | 0926-001 | (F-¢) -8F | | 
| | giizeor | | 9-¢ | 9eze¢ | | 9% | 
| OOL6-91 | SFFS-GIT | SPL-ZOL | | 8809-GT | 1829-811 | | ( -1 ) | | | 
| 999681 | | 6999-26 | GLI | | SZIEIIT | 1026-46 |( -O1) | | I¢ 
| | | | | | | | (0-8) -OOT | 
L-6L | 1980-8h | 2100-26 | 99969 | 8-18 | | | -€) | | | | 62 
| OLG0-99 | ¥€96-991 | 7968-001 | 9-99 | OzeF-L9 | ¥E99-891 | | | 
GI | |: 8629-001 | | | | | | (I-LI) | fe 
6 | | 6902-29 | 9999-19 | | LeLL-69 | | ( -I 
| 2960-1 | 2299-08 | | 9-1 | zoget | | |(80) | ‘OT 
| | | | BI | | | | (FO ) | ¢z.1¢ LT 
| | 6869-76 | | | | | 9870-69 | (6-91) | | 91 
(-1) 
| | | | SBI | | | -IT | S401 | & | 
| | 2° “ON 


JO 


"II 


* 
a 
| 
a 
q q 
* 
> 
og) 


aod 9g) youuroys oy} Ag , 


H. C. WOOD AND &..T. REICHERT.. 


| $096 | T9ST-ZL | | 126968 81 
FEELLE | | F229 | 9990-281 
6020-2 | | T1ZO-6I | 
| L¥9G-TOT | SLOG-FF | OSLT-9FT 
CELEB | 1920-18 | GOSLBL | 1000-88" | 

| | 1699-29. | | 9} | 
== AY | = 
| 9600-991 | | ILL6-8CT 
| 0969-FIT | QLLL-IT | | 
| SSISOIT | 9998-99 1989-27 | 9098-01 
ZOISS | IFIZEIT | 6E00-09T FIPGOL | IPIL-291 
| | 099F-06 8 | | 


324 


"III ~ 


‘ } 
| 
| 
= 
_| 


ACTION OF DRUGS UPON BODILY TEMPERATURE. $25 


The cinchonia alkaloids so resemble one another in their action pon 
the organism, that it is probable théy have the’same itifluénce upon the 
thermic function of the body. It ‘will be ‘séen ‘that there are ‘thirteen 
experiments made with these alkaloids : of these experiments seven were 
with quinina sulphate, three with cinchonia sulphate, and three with 
cinchonidia sulphate. They are all in general accord, quinine seemingly 
being in this, as in other respects, the most powerful. 

“Taking up first the quinine series, it will be seen that inall cases both 
heat production and heat dissipation were very much increased, and that 
with but a single exception the increase of heat dissipation was much 
more decided than was that of heat production. In the exceptional 
instatice the two functions were equally affected. In two of the three 
experitnents made with cinchonia sulphate, heat dissipation was increased 
more than was heat production. With cinchonidia, twice was the result 
a greater increase of the dissipation than of the production of heat, 


| once vice versa. 


The experiments made with the potash litte are fourteen in number, 
if those with the nitrites are, as they ought to be, omitted from the list, 
because thé nitrous acid is a more powerful miifibfiial substance than is 
the base. In each experiment the thermic functions were both of them 
stimulated ; in two instances they were equally affected, whilst six times 
heat production, and six times heat dissipation, ran ahead of its colleague. — 
On comparing all of the results, it will be seen that there was so little 
difference in the effect of the drug upon heat production and heat 
dissipation, that the varying results may very well be attributed to 
accidental and uncontrollable influences. 

With potassium nitrite two experiments were performed, and. in 
them there was a slight increase in heat production. We do not, how- 
ever, attach importance to these experiments upon the nitrite. In each 
case the nitrite was given an hour and a half before the animal was put 
in the calorimeter, and its influence is so fagacious that in that period 
it would largely have passed. off. ais. 

In three experiments with caf the increase of heat production 
was slightly greater than was that of heat dissipation. 

In the series of experiments with alcohol there was in each of the 
five experiments an increase in the heat production; in three experi- 


- ments this increase was greater than that of heat dissipation, in two it 


was less. The average increase was, curiously enough, the same in the. 
two functions. 


It will be seen that these results with alcohol are in close accord with 
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those of Dr. Bevan Lewis’. As Dr. Bevan Lewis worked with a 
somewhat different instrument from that we used, this coincidence of 
results is certainly strongly corroborative of the accuracy of the methods 
employed. 

_ At first thought it would seem - proper to discuss separately the 
results which we have obtained with the various medicinal substances 
experimented, but unfortunately in no case are the facts sufficient for a 

scientific elucidation of the method in which the drug affects the thermic 
- fanction. In all cases the first inquiry which naturally offers itself is— 
Which is the primary effect, the increase of the heat dissipation, or that 
of the heat production? for it is certainly well established that the 
relation of these functions is such that any primary stimulation or 
depression of one of them secondarily becomes a stimulation or depres- 
sion of the other. The bodily temperature must be maintained as near 
its normal as possible, and so when more heat is produced more is given 
off, and vice versd. 

Dr. Bevan Lewis seems therefore to assert more than there is 
proof of when he says “ the characteristic action of alcohol is that ot 
greatly increasing the heat production.” It may be that its characteristic 
action is increasing the loss of animal heat by producing a vaso-motor 
palsy. He has shown that the time of greatest heat production is coin- 
cident with that of lowest bodily temperature, and it seems a natural 
inference that the lowered bodily temperature is the cause of the climax 
in production, for we would naturally suppose that a primarily increased 
heat production would be coincident with an elevated bodily temperature. 
We do not desire to insist upon this point, much less claim that anything 
is proven except that at present we have no sufficient evidence as to 
whether it is heat production or heat dissipation that is primarily affected 
by tl: cinchona alkaloids, alcohol, or the potash salts; and that to attempt 
to reason until the next step is taken by solid experimental research, is 
to abandon firm ground for the cloudland of speculation. 
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INFLUENCE OF PEPTONES AND CERTAIN INORGANIC 
‘SALTS ON THE DIASTATIC ACTION OF SALIVA. By 
R. H. CHITTENDEN ann J. 8. ELY. 


(From the aati of Physiological Chemistry in the neg Scientific 
; School of Yale College.) 


RECENT experiments’ on the diastatic action of alive under various con- 
ditions have revealed the fact that human mixed saliva in the presence of 
an equal volume of artificial gastric juice, containing ‘05 per cent. of 
hydrochloric acid, is capable of forming from a given quantity of starch 
a much larger amount of sugar than the same quantity of saliva alone 
can do under a like degree of dilution ; this being the more remarkable 
when it is remembered that the same percentage of acid by itself greatly 
retards the diastatic action. This somewhat curious fact has led us to 
study the individual influence of several bodies of physiological import- 
ance on salivary fermentation. It is our conviction that many of the 
digestive processes of the body are more dependent for their fullest action — 
on the stimulating or other influence caused by the mere presence of 
many of the digestive products than has hitherto been supposed. Experi- 
ment, to be sure, has revealed the fact that several of the products of 
digestion, when present in the digestive mixture in excess, notably sugar 
in the case of salivary digestion and peptones in gastric digestion, retard 
the digestive process. Under ordinary circumstances, however, all con- 
ditions are favourable, in the normal body, for a rapid absorption of the 
digestive products, and thus any excessive accumulation is prevented. 
Schmidt-Miilheim? found in his recent study of proteid digestion 
that in the case of dogs the quantity of peptones present in the stomach 
was practically the same at all times during the digestion. Thus one, 
four, and six hours after feeding a dog with 61 grams of albumin, the 
stomach contained 3°08 grams, 3°31 grams, and 2°91 grams respectively 


1 Chittenden and Griswold. Amer. Chem. Journal, u1., 305. 
2 “« Untersuchen iiber die Verdauung der Eiweisskérper.”” Du Bois Reymond’s 
Archiv der Physiologie, 1879, 8. 39. 
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of peptones, which would seem to indicate that after the formation of a 
definite quantity of the digestive products the transportation of these __ 
bodies keeps pace with the digestion. Again, there are no facts to “ 
warrant the belief that the products of one digestive process necessarily 
hinder the action of some other allied ferment ; indeed it is ordinarily 
understood that any accumulation of the digestive products simply 
hinders ‘the action of that. particular ferment by clogging thie digestivé 
‘fluid. ‘There is nothing inconsistent, then, in the statement that the pro- 
ducts of one digestion may act as a stimulant to some other digestive 
process. The results of the experiments about to be described show 
plainly that peptones, a product of gastric digestion, exercise a 
decided influence on salivary digestion, stimulating the ferment to 

~ inoreased action, particularly in the presence of acid, which of itself — 
completely prevents the conversion of starch into sugar. If now we 
are led in virtue of this fact to infer that there may be a possible con- 
tinuation of salivary digestion in the stomach, it follows that the ferment 
must act during the first period of dijestion, when the acid fluids ate 
exceedingly weak. The fact that the quantity of peptones present in the 
stomach at this stage of digestion may be quite small offers no objection 
whatever to a possible action of the peptones, since the experiments 
already quoted, and those about to be described, well illustrate how 
extremely sensitive the saliva is to a change of conditions, however 
slight: thus even minute quantities of inorganic salts, even to the 
extent of only °015 per cent., exercise a decided influence on ferment 
action. 

We may also reasonably infer that the saliva is to a certain extent a 
type of the other diastatic fluids of the body, and that the ferment itself 
is doubtless similar in its action to other like ferments, notably the 
ferment or ferments of the liver, which presumably convert the glyco- 
gen of the hepatic cells into sugar. Thus, conditions which modify the 
diastatic action of saliva may not be wholly without similar influence on 
other like ferments. It has therefore seemed to us that the results of 
our work may have some bearing upon the recently published experi- 
ments of Seegen!’, of Vienna, who found that when an aqueous solution 
of peptones was poured over a small piece of fresh. live T, the quantity of 
sugar formed in a specified time was greater than in a piece of the sane 
liver treated in a like manner, but without peptones ; at the same time, 
however, the total amount of carbohydrate matter appeared to be 
increased in the presence of the peptones. Finding’ that the peptones 

1 “ Die Einwirkung der Leber auf Pepton.’”’ Pfliiger’s Archiv, xxv., 165. 
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themselves had no diastatic action on glycogen, Seegen then concluded 
that the liver possesses the power of transforming peptones into sugar 
and carbohydrates, which are capable of being converted into sugar, 
While our results may in no wise affect Seegen’s conclusions, they 
certainly suggest the possibility that the increase of sugar noticed in the 
presence of the peptones may be due, in units at _— to some cause other 
than that attributed by Seegen. 

We have attempted at first in our experiments to ascertain whether 
by themselves, or under such conditions as may presumably exist in the 
body, peptones have any influence on the conversion of amylacéous 
matter into sugar by the saliva. The amylaceous material employed was 
starch and glycogen, while the diastatic agent was human mixed saliva, 
which was usually collected in quantities of 150—250 c. c., by the chewing 
of some tasteless substance, then filtered and thoroughly mixed before 
using. The saliva was ordinarily used an hour or two after collecting, 
and being, as a rule, furnished by. the same person, possessed approxi- 
mately the same strength, although control experiments with starch and 
saliva alone, under a like degree of dilution, were made in each case. 
The method employed consisted in dissolving a weighed amount of starch 
or glycogen i in 25 ce. c. of water, then adding 50 c. c. of water, or other 
fluid in which a weighed quantity of peptone or other substance was 
dissolved, and lastly 25 c. c. of filtered saliva. The mixture, consisting of 
100 c.. ¢., was then digested for a definite time, usually 45 minutes, 
at 40°C., when further action was prevented by boiling the mixture. 
The fluid was then diluted with water to 500 c. ¢., and when thoroughly 
mixed, 50 c, c., or one-tenth of the filtered fluid, was precipitated by 
cupro-potassium tartrate, according to the method of Maercker described 
in another place’. The copper was weighed as metallic copper, from 
which the percentage of reducing substance, calculated as dextrose, was 
determined by the use of Maercker’s tables. 


Influence of Peptones i in aqueous solution. 


The silicided employed were prepared especially for the purpose, vee 
were made as pure as possible. Three samples were prepared from 
thoroughly washed blood-fibrin by the action of an active gastric juice 


Amr, Chem. Journal, 307. Also’ bee “Die landwirthachafiliche Versachs- 
Stationen,”’ xxv., 115. ae 
PH. Ill. 
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made from a glycerin extract of pepsin and ‘2 per cent.. hydrochloric 
acid, while the fourth was made from coagulated egg-albumin by the 
use of a similar gastric juice. All four preparations were the products 
of an active digestion, and were therefore free from syntonin or other 


preliminary products. The peptones were purified by repeated precipi- 


tation and standing under alcohol and ether, while the fourth was 
especially purified from soluble salts by dialysis. The following results 
show plainly the action of the peptones.. In each experimént 1 gram 
of the dried peptones dissolved in 50 c. c. of water was added to 1 gram 
of starch previously boiled with 25 c. c. of water, the 25 ¢.c. of saliva 
making a digestive mixture of 100 c.c., in which the peptones are 


present to the extent of 1 per cent. In the control experiment the 
_ mixture was made up to the same volume with water. Different saliva 


was used in each experiment :— 


Without Peptones. With Peptones. 
Number of Wt. Cn. in Total Amt. Wt.Cu.in Total Amt. 
Experiment. one-tenth. — of Sugar. one-tenth. of Sugar. 


The increased diastatic action of the saliva in the presence of the 
peptones is made more plainly apparent by the following table, in 
which are given the percentage amounts of starch converted into sugar ; 
calling the sugar C ,H,.,0, and the starch ©,,H,0, :— 


Without Peptones. With Peptones. 
1, 41°01 percent. ...... 44°08 cent. 


It is thus seen that the presence of 1 per cent. of peptones causes an 
increased conversion of starch into sugar, amounting on an average to 
4 per cent. Similar experiments made with glycogen yielded like 
results, Two grams of pure, dried glycogen prepared from Pecten 
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irradians' were employed in each experiment and the digestions con- 
tinued for 30 minutes. One gram of peptones was used as before :— 


Without Peptones. | With Peptones. 


We. Ou. in Total Amt. Wt. Cu. in Total Amt. 
one-tenth. of Sugar. . one-tenth. of Sugar. 


‘1405 gram. ... gram. ... ‘1477 gram. ... -7671 gram. 


_ A few experiments were then tried both with glycogen and starch, 
using 2 grams of peptones. Following are the results :— 


Without Peptones. With 1 gram Peptones. With 2. grams Peptones. 


Wt. Cua. in Wt, Cu. in Wt. Cu. in 
one-tenth. one-tenth. one-tenth. 
SEARCH ‘0835 gram. ... ‘0949 gram. ... ‘0960 gram 
99 *1800 1828 99 eee *1362 99 


Here it is to be noticed that the presence of 2 per cent. of peptones 
has but little additional influence on the diastatic action. That the 
peptones themselves are entirely free from. carbohydrate matter, and 
that the saliva is wholly without action on the peptones, was clearly 
shown by digesting 2 grams of peptones with 25 c. c. of saliva. This 
experiment was repeated twice, but in neither case was any reduction 
obtained on boiling the diluted fluid with Fehling’s solution. Again, 
the possibility suggested itself that the peptones might exercise some 
influence on the precipitation of the copper, and that the increase of 
copper obtained when peptones were present was due, not to any stimu- 
lating action theygmight exert on the ferment, but to a precipitation or 
reduction of the copper. In order to settle this point three digestions 
were made in the usual manner with 2 grams of glycogen. No. 1 con- 
tained in addition 2 grams of peptones. No. 2 had added to it after the 
destruction of the ferment by boiling 2 grams of peptones, while No. 3 
served as a control. A determination of the amount of sugar in the 
aliquoted fluids gave the psc results, clearly showing that the 


‘Chittenden. Amer. Jour. Sci. and Arts, x., 26. 
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mere presence of the has: no ‘on the of 
the copper:— : 


No. 1. No.2. 


Wt. Cu. in Wt. Cu. in ‘We. Cu. in 
one-tenth. one-tenth. one-tenth. 


"1472 gram. "1403 gram. . gram. 


There still remained two possible chances of error—viz., the possibility 
of the peptones containing a trace of a diastatic forinant or of their 
possessing a diastatic action ; and, secondly, that the slightly acid re- 
action of the peptone solutions might exert some modifying influence. 
The former supposition was easily disproved by making a digestion of | 
starch and peptones alone. This led, as would naturally be expected, to 
a negative result—the solution showing no reducing action whatever. 
An endeavour was then made to obtain the same result in a somewhat 
different manner : a series of digestions was made, in which one of the 
peptone solutions was vigorously boiled before being added to the starch 
| solution, the digestions then being made 1 in rhe usual manner :— 

Without — With 1 gram col... Peptont sit: 
 Peptones. Peptones. boiled. and Water replaced. 


Wt. Cu. in Wt. Cu. in ~ Wt. Cu. in — ‘Wt. Ou. in 
one-tenth. one-tenth. one-tenth. one-tenth. 


1, ... °0856 gram.... °O0937 gram. ... ‘0950 gram. ... — gram. 


That the Po oS contain no ferment is plainly apparent, but the night 
increase of sugar when the peptone solution is boiled is certainly some- 
what singular, Three of the peptones employed in these experiments 
gave, when dissolved in water, very faintly acid solutions. The acidity 
of 1 gram of peptones, however, was never sufficient to neutralize the 
alkali of 25 c. c. of saliva. The fourth sample, which was purified by | 
dialysis, gave a neutral solution, and this sample did not differ in its 
action in the least from the other three. An attempt was made, however, 
to neutralize one of the peptone solutions previous to the digestion, by 
the use of an exceedingly dilute alkali. The iii results were 
obtained 


Without Peptones. With 1 gram Poptones. With 1 gram neutralized Peptones. 
Wt. Cu. in Cu. in Cu, in 
one-tenth. one-tenth. one-tenth. 


‘0915 gram. ... ‘1045 gram. ..,  °0991 gram. 


The slight decrease of copper in the neutralized peptones, as later experi- 
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ments would seem to indicate, is probably due to the retarding influence 
of the: alkali salt formed by neutralization, although it seems hardly 
possible that such a minute’ trace could exert atiy influence whatever on 
the action of the saliva. : 

O. Nasse', in his work on unformed ferments, found that in 4 per 
cent. solutions of certain indrganic salts there was an increased ferment 
action. It therefore seemed desirable to- ascertain in the present case 
whether the inorganic salts contained in the peptones could exert any 
influence on the’ salivary ferment. The four samples of peptones con- 
tained the following percentages of ash :— 


1°71 per 0°89 percent. ... 1°25 percent. .... 1°58 per cent, 


With the exception of No. 4 the ash was composed of sodium chloride, 
sodium’ phosphate, and calcium phosphate. No. 4, which was prepared 
from coagulated albumin and purified by dialysis, left an ash composed 
wholly of calcium phosphate. The following results show the individual 
influence of the three inorganic salts on the diastatic action of saliva, 
when present in the digestive fluid, in approximately such percentages 
as the peptones give when added to the starch and saliva mixture :— 


EXPERIMENT J. 
| Wt. Cu. in 


one-tenth. 
Saliva starch alone ... gram. 
4013 gram 018 pe ont 0862 —,, 
» +024 om 006... 45 
” ” + *012 ” Na, HPO, 012 ” “0886 ” 
” + "024 ” ” == “024 ” "083i 
EXPERIMENT II, 
| | Wt. Cu. in 
Saliva: alone... 0844 gram. 
+ '015 grams HPO, — O15 0839 
” + "030 29 = ‘030 ” "0870 ” 


From these results it is apparent that no one of the inorganic salts of 
the peptones is present in sufficient quantity to have any stimulating 
action whatever in aqueous solution, for increased diastatic action is 


“ Untersuchungen tiber die ungeformten Fermenten.’’ Pfliiger’s Archiv, 138. 
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noticed only in the presence of 24 milligrams of sodium chloride, an 
amount much larger. than the total ash of 1 gram of peptones. . Again, 
peptone No. 4, which was freed from all trace of chloride by dialysis, 
had exactly the same stimulating effect as the other samples,. In order 
to ascertain exactly what the influence of the mixture of inorganic salts 
as present in the peptones, would be, a series of digestions was made, in 
two of which the ash of 1 gram snd of 2 grams of peptones respectively 
were employed : the ash, as in the experiments with the peptones them- 
selves, being dissolved in 50 c. c. of water, and in this manner added to 
the starch solution previous to the addition of the 25 c. c. of saliva. Tho 
peptones employed were the ones which contained 1°71 per cent. of ash ; 
' thus the digestive mixtures contained respectively °017 and °034 per cent. 
of inorganic matter. The following results were obtained :— 


Saliva and Starch : With Ash from With Ash from 

alone, 1 gram Peptones. 2 gram Peptones. 
‘Wt. Cu. in | Wt. Cu.in Wt. Cua. in 
one-tenth. one-tenth, — one-tenth. 

“0862 gram. ... *0851 gram. vie 0715 gram. 


It is thus very apparent that the stimulating action of the peptones is 
not due to the inorganic salts contained in them, for these latter, as the 
foregoing experiment shows, have by themselves in aqueous solution a 
retarding influence. We therefore deem it proven that peptones under 
such conditions as have already been described have in aqueous solution 
a stimulating influence on salivary digestion. In other words, peptones 
when. present to the extent of 1—2 per cent. cause, under the same con- 
ditions as saliva alone, an increased conversion of aang into men 
_ amounting on an average to 4 per cent. 


- Influence of 'Peptones in acid solution. 


Previous experiments! have plainly demonstrated the extreme sensi- 
tiveness of saliva to the action of dilute acids. Thus the addition of 
50 c.c. of 05 per cent. of hydrochloric acid to a digestive mixture, 
thereby making the fluid contain but °025 per cent. of acid, very greatly 
diminishes the diastatic action. This result has been recently verified by 
J. N. Langley’, as also the results of Chittenden and Griswold 
in regard to the destruction of the salivary ferment by gastric juice and 
by ‘2 per cent. hydrochloric acid at 40 C. 


1 Chittenden and Griswold, Amer. Chem. Journal, m1., 313. 
This Journal, 246. 
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An attempt was now made to ascertain the influence of peptones in 
an acid solution of the above strength, viz., -025 per cent. The experi- 
ments were conducted in the same manner as the preceding, with this 
exception : the peptones instead of being dissolved in water were in each 
case dissolved in 50 c. c. of ‘05 per cent. hydrochloric acid. One gram 
of peptones was used in each experiment, starch being the amylaceous 


terial employed :— 
mate employ 


Wt. Cu.in TotalAmt. Wt.Cu.in Total Amt. Wt. Cu.in Total Amt. 
one-tenth. of Sugar. one-tenth. of Sugar. one-tenth. of Sugar. 
| Gram. Gram. Gram. Gram. Gram. Gram. 
1, *0896 ... °4557 ... "0076 ... °0889 ... °1068 ... °5428 
S. ... “4664 .... 0098 ... 0502 ... "1060 ... ‘d388 


‘The percentage amounts of starch converted into sugar under the 
three conditions are as follows :— 


Saliva. and Acid. Galina, Aeid, and Poptenss. 
1, 41°01 cent. ... S350 percent. ... 48°85 cent. 
4. $822 ,, 5, 


- Similar experiments were tried with glycogen, 2 grams of this sub- 
stance being dissolved in 25 c. c. of water, and employed in the same 
manner as the starch. One gram of peptones was. eaaed, as before. The 
following results were obtained :— 


Saliva alone. Saliva and Acid. Saliva, Acid, and Peptonee. 


Wet. Cu. in Wt. Cu. in Wt. Cu. in 
one-tenth. one-tenth. one-tenth. 

1, ‘1800 gram. ‘0049 gram. eee °1408 gram. 


It is thus seen that the presence of 1 gram of peptones exercises a 
very remarkable influence on the diastatic action of saliva in an acid 
solution of the above strength. ‘The peptones are present in the digestive 
mixture to the extent of only 1 per cent., while the acid is but ‘025 per 
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cent. ; yet. this quantity of peptones is sufficient not only to counteract 
the retarding influence: of the acid, but: increases the conversion of the 
starch to the extent.of 7 per cent. above the action of the saliva alone. 
Increasing the amount of peptones to 2 per cent. does not seem to eee 
any effect sipmcncees as the following results show :— — | 


025 2 grams Peptones and 025 
cent. Acid, per cent. Acid. 
t. gy in er Wt. Cu. in 
one-tenth. one-tenth. 
1. *1060 gram. “1084 gram. 
2. 70985, 


Tn acid utes of increased strength the peptones appear to, exercise 
but slight, if any, influence : thus, when the solution contained +1 per 
cent. hydrochloric acid, no diastatic action at all was observed, even in 
the presence of the peptones. In ‘05 per cent. acid solution, Lawever, 
one-tenth of the diluted and mixed digestive fluid yielded ‘013 gram of 
copper, showing a slightly increased action over-and above what the acid 
fluid alone would give. Control experiments with saliva, peptones, and 
acid without starch yielded negative results, thus showing that the saliva 
is entirely without action on the peptones in an acid solution of the 
above strength. Again, digestions of starch, peptones, and acid without 
saliva also gave negative results, proving that the peptones are weeny 7 
without diastatic action in the acid fluid. 

We deemed it advisable next to examine how far inorganic salts soiskd 
influence the action of the ferment in an acid solution of the strength 
used, . In aqueous solution, it will be remembered, the inorganic salts 
experimented with had but little or no action. In the acid solution the 
salts used were the same as before, viz., those present in the ash of the 
peptones. The experiments were conducted in the same manner as the 
preceding : 100 ¢. c. being the volume of the mixed fluid, of which 
25 c. ¢. were filtered saliva, 25.c, c. water containing 1 gram of starch, 
and 50 ¢. ¢. of 705 per cent. hydrochloric acid containing the salt :— 


EXPERIMENT I, 


Wt. Cu. in 
| one-tenth. 
» + per cent. HCl = °025'percent. ..... - 0088" ,, 


” » + gram Na,HPO, _,, 
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EXPERIMENT II. 


one-tenth. 

» + °012 gram "0079 ,, 

» » ” 018. , ” 0490 ,, 


It is thas evident that sodium chloride and phosphate, when present to 
the extent of ‘012 per cent., exercise but a very slight influence on the 
action of the saliva, Calcium phosphate, however, is seen to decidedly 
increase the diastatic action, though the amount contained in the 
peptones can have but little influence on the formation of sugar. Very 
striking is the great increase of sugar formed in the presence of 24 
milligrams of calcium phosphate. This result is certainly suggestive of 
a possible utility of the calciam phosphate invariably present in wheat, 
oats, and carbohydrate matter in general. What the exact explanation 
of the action of the phosphate in such a weak acid solution is, is, of 
course, hypothetical. ‘The salt dissolves, in part at least, in the acid, 
and is thus probably modified with formation of bodies more favourable 
to the action of the ferment ; it certainly cannot diminish to any extent 
the strength of the acid. 

The influence of the combined inorganic matter of the peptones was 
now determined by experiment with ae ash of No. 1, which crs 
ut cent. :-— 


Saliva and ‘05 per cont. 1 Ash 1 gram 
Wt. Ca. in . Wt. Ca, in Wt. Cu.in Wt. Cu. in 
one-tenth. . one-tenth. one-tenth. one-tenth. 
°0866 gram. ... ... °0870 gram. 


Thus, i in . the sample containing the largest parceritage of ide and pre- 
sumably, therefore, of calcium phosphate, and under the same silesdblieins 
in which this salt appears to work to the best advantage, only a slight 
increase is noticed in the diastatic action of the saliva. 

_. It is, therefore, evident tht, while the addition of 50 c. c. of °05 per 
cent. hydrochloric acid to an equal volume of saliva and water brings 
the diastatic action down almost to zero, the addition of 1 gram of 
peptones to this acid fluid increases the diastatic action of the saliva to 
above its normal amount. In other words, the presence of 1 per cent. 
of gastric peptones in a salivary mixture containing ‘025 per cent. of 


Wt. Cu. in 
= 
4 
. 
a 
id 
i 
A 


338 R. H. CHITTENDEN AND J. 8. ELY. 


acid acts as a stimulant to the diastatic ferment, causing it to act with 
greatly increased vigour. 

This fact appears to us to be of prime importance in solving the 
question as to the possibility of a continued action of the salivary 
ferment in the stomach. In 1881 one’ of us, experimenting with human 
saliva, found that its diastatic action was increased by the presence of 
very minute quantities of hydrochloric acid ; thus, while the quantity 
of sugar formed by freshly collected saliva was regarded as 100, the 
quantity formed by saliva of the same collecting in a mixture containing 
‘005 per cent. of hydrochloric acid was 110. Increasing the percentage 
of acid diminishes the diastatic action, until at last, when the fluid con- 
tains *025 per cent. of hydrochloric acid, the formation of sugar is almost 
entirely stopped. Again, it was found on digesting 25 c. c. of human 
saliva with 50 c. c. of gastric juice containing ‘2 per cent, hydrochloric 
acid, at 40° C. for two hours, that the diastatic ferment was entirely 
destroyed ; likewise, that simple warming of the saliva with ‘2 per cent. 
acid at 40° C. for two hours was sufficient. to destroy the greater part of 
the ferment, as was evinced by the low diastatic power of the neutralized 
fluid. Both of these results have received recent confirmation from the 
experiments of J. N. Langley? on the diastatic ferment of the parotid 
of rabbits. From his experiments he concludes that the ptyalin is 
destroyed by ‘2—-04 per cent, hydrochloric acid in from 7 to 24 hours 
at 40 C., and that the presence of ‘014 per cent. of acid is sufficient to 
destroy all but the merest trace of ferment in five minutes at 39°C. It 
appears to us, however, that, in the case of human saliva at least, there 
amay be in the presence of a very dilute acid a simple stopping of the 
diastatic action without destruction of the ferment. Thus, in the presence 
of -025 per cent. of acid there is but little diastatic action; but if that 
percentage of acid is sufficient to destroy the ferment in such a short | 
time, in what way does the 1 per cent. of peptones in an acid solution 
of the same strength cause such an increased formation of sugar? 
Again, the experiments of Chittenden and Griswold showed that 
by warming a mixture of starch, saliva, and artificial gastric juice of 
weak acidity at 40° C. for 45 minutes, the diastatic action of the saliva was 
greatly increased : thus, in the digestion of 1 gram of starch + 25 ¢, c. 
of water + 50 c. c. of gastric juice containing ‘05 per cent. hydrochloric 
acid + 25 c. c. of saliva, the amount of sugar formed as compared with 
the amount formed by the saliva alone was 133 : 100, while, as the 


1 Chittenden and Griswold, loc. cit. 
? This Journal, 246. 
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present experiments show, the presence of *025 per cent. hydrochloric 
acid alone stops the action almost completely. It, therefore, seems 
probable that in the presence of such dilute acids as the above the 
ferment is simply hindered in its action, the presence of the peptones 
being sufficient to counteract the retarding influence of the acid. That 
this view as to the non-destruction of the ferment is correct, as regards 
human saliva at least, we think is plainly demonstrated by the following 
experiment. 75 c.c. of filtered saliva was divided into three — parts, 
which were treated as follows :-- 

Ist. 25 saliva + 25 °05 per cent, HCl, warmed at 40° ©, for 45 
minutes. Solution then neutralized with Na,CO,;. 1 gram starch made into 
a paste with 50. c.c. H,, was then added, and the mixture warmed at 40° C. 
for 45 minutes. Solution boiled and diluted: to 500 ¢c.c. 50. ¢, of this 
solution reduced ‘0862 gram Cu. 

2nd. 25 c. c. saliva + 25 c. c. H, + 50. c. °05 per cent. HCl, warmed 
at 40° C. for 45 minutes. Solution then neutralized with Na,CO,. 1 gram 
starch made into a paste with 25 c. c. H.. was then added, and the mixture 
warmed at 40°C. for 45 minutes. Solution boiled and diluted to 500 c. c. 
50 c. c. of this solution reduced *0805 gram Cu. 

3rd. 25 c.c. saliva + 75 c. c. Hy, warmed at 40°C. for 45 minutes. 
1 gram starch made into a paste with 25 c. c. H.» was then added, and the 
mixture warmed at 40°C. for 45 minutes. Solution boiled and diluted to 
500 c.c. c. of this solution reduced ‘0824 gram Cu. 


Here it is plainly seen that the ferment has not been in the least affected 
by the action of ‘025 per cent. hydrochloric acid at this temperature. 
In the case of *1 or 2 per cent. acid the peptones are wholly without 
influence, since these strengths of acid are capable of destroying the- 
ferment. It is evident that the salivary ferment is ultimately destroyed 
in the stomach by the gastric juice, but this fact does not necessarily 
preclude the possibility of a continued action of the saliva in the stomach. 
There is a growing impression that in the first stage of stomach digestion 
there is but little or no free acid present : thus, Reinhard v.d. Velden’ 
claims as a result of observation that for the first three-fourths of an 
hour after eating a hearty meal, human gastric juice fails to contain 
much, if any, free acid. It now seemed desirable to ascertain the 
rapidity with which starch is conyerted into sugar by the saliva. 
125 ¢. c. of filtered saliva was thoroughly mixed and 12 c. c. of this fluid 
was used in each experiment. The starch solution was made by boiling | 
‘> gram of starch with 40 c. c. of water, and to this solution the 12 c. c. 
of saliva was added, making approximately 52 c.c. of fluid. The mixtures 
were kept at a temperature of 40° C. for the specified time, then boiled 
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to destroy the ferment. . Each fluid was then diluted to 200 c. &. and 
the sugar determined as before in 50 c. c. of the ate and filtered 
solation. Following are the results :— 
Period Wi. Cu. in Total Amt. of Per Starch 
1minute  ... ‘0870 gram, ... ‘4425 gram. .... 39°82 per cent. 
Sminutes .. 0963 ,  ... °4898 .. 4409 , 
15 °1005 ” "5111 ” 45°99 
Qhours® ©... *1147 5257, 
This experiment makes it very apparent that by far “ greater part of 
the starch is almost immediately converted into sugar. It seems, there- 
fore, quite possible, especially in view of the action of peptones in a 
weak acid solution, that in the case of human beings there may be a 
continuation of salivary digestion in the stomach, provided the contents 
of the stomach during the first stage of ss ae do not -contain more 
than ‘025 per cent. of free acid. 


of Peptones in alkaline solution. 
Previous experiments have demonstrated that the addition of sodium 
carbonate to saliva has a retarding influence on salivary digestion. It 
now seemed advisable to study the influence of peptones in the presence 


- of dilute solutions of sodium: carbonate, with especial reference to the 


pancreatic ptyalin, for presumably in the intestinal canal the diastatic 
ferment there present acts on starch in an alkaline medium. °6 per cent., 
per cent., and +1 per cent. solutions of sodium carbonate employed, 
experiments heing tried with both starch and. glycogen.. One gram of 
peptones was used in each case, and, as this amount was dissolved in 
50 c. c. of the dilute alkali, the digestive mixture of 100 c. c. contained. 
approximately one-half the alkali 
were obtained :— 


1. With ‘6 per cent. Na,CO, and 1 gram Peplones, 


Saliva alone. Saliva + 60 ¢. ¢. Alkali. 
Wt, Cu.imone-tenth. . Wt. Cu. in one-tenth... Wt.Cu, in one-tenth. 
Starch 0905 gram. ... °0239 gram. ... °0456 gram. 
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INFLUENCE OF PEPTONES ON ACTION OF SALIVA. 841 
2. With *8 per cent. Na,CO, and 1 gram Peptones. 

Saliva alone. Saliva + 50 c. ¢. Alkali. and 

“Wt. Cu.in one-tenth. Wet.Cu.in one-tenth. Wet. Cu.in one-tenth. 


gram. .:. °0898 gram. ... -0685 gram. 
Glycogen ...... 1281 ,, » 1050 


3. With +1 per cent. Na,CO, and 1 gram Peptones. 
Saliva alone, Saliva + Alkali, “alive, and 
io in one-tenth. Wt. Cu. in one-tenth, ‘Wt. Cu.in one-tenth. 
*1281 gram. ... °0908 gram. ... ‘1197 gram. 
it becomes: avident then, from these experiments that in a solution © 
containing either *3 per cent. or 15 per cent. of sodium carbonate the 
presence of the peptones. nearly doubles (quite, and even more in the 
ease of glycogen) the diastatic action, bringing it up almost to the action 
of the unaltered saliva. It may be questionable whether these experi- 
ments afford proof positive that the peptones stimulate the pancreatic 
ferment in the conversion of starch into sugar in the intestinal canal, 
but it is certainly proven that, under such conditions as have been 
described here, the presence of 1 per cent. of peptones in a ‘3 per cent. 
sodium carbonate solution causes a greatly increased formation of sugar. 
Thus, it seems probable that in the proteid and diastatic pancreatic 
digestion the formation of peptones, which must go on side by side with 
the formation of sugar, affords a decided aid to the latter process. 

We next endeavoured to ascertain whether the salts already experi- 
mented with have any influence on diastatic action in alkaline solutions 

of the strength specified. The following experiments were tried :— 


I. 


* Wt. Cu. in 
! one-tenth. 
Saliva and starch alon °0872 
» Na,CO, == ‘8 per cent.alkali °0220__,, 
» ” gram NaCl °0287 ” 
” ” ” + °012 Na,HPO, "0275 » 
EXPERIMENT IT. 
Wt. Cu. in 
one-tenth. 
+ 50c.c. °6 per cent. Na,CO; = “8 percent. 1 
+ ‘015 gram CaHPO, ‘0211, 
” -8 percent. Na,CO, "15 per cent. alkali ‘0348 _,, 


” » ” » + °015 gram CaHPO, "0895 
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It is thus very evident that these salts have little or no influence on 
diastatic action in alkaline solutions of the strength used. 

It next remained to try the influence of the ash of the peptones in 
alkaline solution. The ash of 1 gram of peptones was employed, the 
experiment being conducted in the same manner as the preceding. The 
peptones used were _— with 1°71 sie cent. of ash. oe are the 
results :— | 


Wt. Cu. in 
: one-tenth. 

Saliva and starch alone ‘0862 gram. 
» ‘per cent Na,C0, — per cent. alkali *0216 _,, 
» + 1 gram peptones ... ‘0520 ,, 
Saliva and sharch "0862 ,, 
» + 500.c. ‘8 percent. Na,C0, — ‘15 percent.alkali -0805_,, 
» ash1 gram peptones °0400_,, 
” ” » +1 gram peptones... “0740 ,, 


We, therefore, deem it safe to conclude that the inorganic salts con- 
tained in the peptones play but an unimportant part in the minmalating 
action noticed in an alkaline solution of the strength specified. 


March 20¢h, 1882. 
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ON CEREBRAL LOCALIZATION. By SIGMUND EXNER. 


In No. 636 of Nature, which appeared on the 5th of January, 1882, 
there is a critique on my latest work, Untersuchungen iber die Locali- 
sation der Functionen in der Grosshirnrinde des Menschen. This critique 
emanates from Prof. Ferrier, and is in general unfavourable to my 
book. As Prof. Ferrier appears to be a great authority in England 
this judgment cannot remain indifferent to me, and I therefore Pee to 
make the following remarks. 

I perfectly agree with Prof. Ferrier when he refers, at the com- 
mencement of his article, to the great difficulties which have to be 
encountered whilst studying cases of disease and autopsies with the 
intention of proving from these the localization of the functions of the 
brain. For the present, however, we can only learn something of this 
localization in man by these means, and the object which the above- 
mentioned book has in view is to find those facts (however few they may 
be) which in spite of this difficulty can be exactly determined. When, 
therefore, Prof. Ferrier says (page 215): “ Apart altogether from 
Prof. Exner’s deductions, one theory clearly brought out by the facts is 
the comparative impotence of the fortuitous experiments of disease, as 
regards the determination with any degree of accuracy of the exact 
position and limits of any centre whatever,” I must ask: Why? If, for 
instance, I put together all the correctly described reports of diseases and 
autopsies of medical literature which answer to certain rules recognized 
as necessary for the purpose in view, without allowing myself to be 
influenced in the choice of the same by the wish of proving or refuting 
a certain thing; and if 1 trace on a drawing of the cerebral hemispheres — 
the position and boundaries of all those lesions which in life were not 
attended by motor disturbances of the right upper extremity, and I find, 
firstly, the drawing of both hemispheres covered, with the exception of a 
certain defined area in the left hemisphere ; if I find, secondly, the same 
research applied to the left upper extremity attended by an area analo- 
gously situated on the right hemisphere; if I further find that certain 
places of this area, in twenty cases and more of my collection, were the 
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seat of a lesion which was invariably accompanied by motor disturbances 
of the extremity concerned—does all this prove nothing for the importance 
of these areas ? 

My absolute centres are thus determined. Concerning the exactness 
of their limits, it must not be forgotten that, owing to the anatomical 

variations of the cerebral hemisphere, it is useless to attempt to fix these 
with any degree of accuracy, either in the case of man or of animals. 
At all events, by my method these limits ‘may be found more exactly 
than by experiments on animals and by applying these results to the 
human brain. 

Prof. Ferrier says further : “ Ti his selection of instances he has 
excluded, without assigning valid reasons, many cases of the utmost 
importance.” Certainly I cannot assert that not a single important 
case of disease in medical literature has escaped me; but I have not 
“excluded ” my; for Ihave certainly not designated in my catalogue 
any as “useless” which I was not forced to-reject in accordance with 
the rules set forth on page 7 of my book. Prof. Ferrier ought, there- 
fore, either to have attacked these rules or the method of selecting cases 
according to rules, and then I could have answered this reproach ; but 
to the above general remark I can only reply that, according to my 
opinion, it is unfounded. Further, Prof. Ferrier finds it a fault in my 
researches that I have included in my observations the cases of cerebral 
tumours “which by the general consent of pathologists are excluded.” 
As Prof. Ferrier shortly before this emphatically states me to bea 
physiologist, one would believe that I committed this fault in ignorance 
of the “general consent of pathologists.” On page 16°I expressly 
showed that I could not participate in “the views of some pathologists ” 
respecting the effect of a cerebral tumour, as well as my reason why ; 
and Prof. Ferrier, instead of repeating the old views of some patho- 
logists, should have shown that my new views and the reasons for the 
same are incorrect. 

Prof. Ferrier shows himself ietlbalints averse to my “relative 
centres,” and to the circumstance that centres of different organs run 
into ait other, partly even are inclosed one within the other. He says: 
“Tf Prof. Exner’s localization of relative centres had any foundation 
in fact, it would be nothing short of a reductio ad absurdum of the whole 
dootring of localization.” .... “A consistent advocate of localization 
might as well admit that the leg may frequently, relatively, or in some 
way or other, be used as an organ of vision.”” Concerning the relative 
centres, they are not the result of an arbitrary theory emanating from 
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me, but they are the expression of factsinaclear form. It happens, 
indeed (as Prof. Ferrier can scarcely contradict), that the lesion in one 
and the same place is accompanied by a certain symptom in one patient 
and not in another. In reference to this, I call attention to the specially 
directed researches, page 35 of my bsck., When I say that my relative 
centres are the expression of facts, I mean that I do not pretend to give 
any definite declaration as to the way they take part in the bringing 
about of a voluntary movement—we know nothing about this, neither in 
the absolute nor relative centres; therefore every one has a right to his 
own opinion in this. I must, however, express my opinion that it is 
unwarranted to take, in a case which suits preconceived ideas, the 
occurrence of a lesion with the disturbance of a function as a proof of its 
being the centre of this function, and in another case, when this is less 
opportune, to speak of the indirect influence of the diseased spot on the 
_ hypothetical centre. Such an indirect effect can be taken in two different 
senses. The lesion either causes the destruction of the fibres of the 
cortex which connect it with the fibres of the “ centrum,” and the 
functions of the latter are impaired by its being separated from its 
normal connections—the injured part is, as it were, an appendix of 
the centrum, but stands in looser connection with the same than the 
parts of the “ centrum” with each other (this would be an explanation 
of my relative centres)—or one must suppose that the injured part 
exercises an enigmatical influence on the functions of the “centrum” 
through a part of the cortex, whose normal appearance is, however, 
palpable to the eye. 

If one clings to this supposition, then only through my “method 
of negative instances and the percentage method’’ can one ascertain 
somethin g about localization ; the current method of “positive instances ”’ 
becomes in this case quite ‘aealins. My centres, determined by the 
“method of negative instances,’ can be affected by no such indirect 
influences, unless, indeed, one supposes that such indirect effects are the 
consequences of every lesion. Nay, this method gives correct results, 
even if there be, besides the lesion of the brain in question, still other 
diseases in the janeves nervous system. 

Further, how would it be if we refused to recognize the relative areas 
of those muscles’ undoubtedly voluntary movement which certainly have 
no absolute area? Or does Prof. Ferrier doubt that a hemisphere can 
be covered with lesions, all of which have existed without paralysis of 
the opposite muscles of the tongue or of the eyes? In my selection 
there are many such instances. In making use of “ negative instances,” 

PH. Ill. 
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346 S. EXNER. 
the hypothetieal indirect effect of the lesions would only help to to find out 
such a “centrum”; and yet, according to this method, no such centres 
for the muscles wrote found. 

Besides, I have lately found by experiments on aninials; to which Prof. 


Ferrier justly attaches so much importance, that here also circumstances 
prevail which ate similar to those found in the “relative centres” of 


- man, and I now consider this question proved (Vienna Academy of 


Science, 14th July, 1881). Concerning the circumstance that, according 
to the results of my researches, ‘centres of different functions partly run 
into each other, I must again remark that it is the expression of facts. 
When TI now say that the lesion in the place marked 6 in the brain is 
followed by lameness of the arm and foot, and therefore 6 is the 
“centrum ”’ for arm and foot, I use the same logic which Prof. Ferrier 
used at the time when he said that lesion a is followed by lameness of 
the arm, and consequently a is the “ centrum ” of the arm. Besides, 
this conclusion is not in the first instance derived from me, but from 
French authors, at least as far as it concerns both extremities. (Compare 
Charcot et Pitres, Revue Mensuelle, 1879.) 

Is my view really so absurd as the sentence placed by Prof. Ferrier 
in parallel, namely—“ the leg may frequently . . . be used as an 
organ of vision”? There is no fact that would support ‘the opinion. 
that a part designated in the cortex as “ centrum” has no other function 
than the one which caused it to be called “ centrum”; neither is there 
any fact which would support the idea that these centres are sharply cir- 
cumscribed, that the organ of the leg extends, as on a map, as far as a 
designated limit, on which another organ begins. Anatomy and histology 
of the cortex, whith teaches that from every part of it fibres in immense 
quantities break through into the neighbouring areas (compare Sigm. | 
Exner, Vienna Academy of Sciences, 3rd February, 1881), are decidedly 
against such a view ; and it is the result of preconceived opinion when 
every case is cowatdlared unclear and rejected in which, in spite of the 
lesion being very small, there were motor disturbancés in. both extrem- 
ities. I consider a view based on such principles, according to which a 
“centrum,” recognized as “ motor centrum,” can only have connection 
with the muscle group belonging to it,-and with nothing else, as a 
hypothesis which prevents an impartial research ; and I am astonished 
that Prof. Ferrier should still entertain it, dbehing that this opinion 
induced him formerly to place the “centrum” for the sense of feeling in 
the Subiculum cornu Ammonis, and that for general sensibility, in the 
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occipital which probably he himself will hardly uphold 
at present. 

Besides, it is superfluous to depend further on theoretical views, as I 
have proved in the above-mentioned research that from the greater part 
of the cerebral cortex (visible from above) of the rabbit we can call 
forth movement in both fore-paws by electric irritation, and that these 
movements are transmitted by fibres which penetrate from the cortex 
into the white substance of the hemispheres. 

~ Jt does not follow from this, of course, that the rabbit can occa- 
sionally use its right fore-paw as left. Just as little does it follow from 
my principles that the leg can “be used as an organ of vision.” 5 
~ “Among other strange things in this book,” Prof. Ferrier finds 
also the following :—“In my Table XVII., based on the percentage © 
system, a plan of the medial surface of the occipital lobe is so colouréd 
‘as if it belonged to the absolute centre of the upper extremity—that is, 
as if its lesion in a hundred per cent. of cases were accompanied by 
motor disturbances of the upper extremity. Now this place is only once 
the seat of a lesion, and the total 100 per cent. is based on this one case.” 
This is perfectly correct, and the necessary consequence of my plan to 
place nothing but the result of my percentage reckonings in these 
tableaux, as was especially laid stress upon in my book. The place in 
question is in the immediate neighbourhood of single parts of the cortex 
which in none of my instances were the seat of a lesion, as is clear at 
the first look, being indicated by numbers instead of being coloured. 
Every one who knows on what the “ percentage method” is founded — 
recognizes that its results are worthless in cases in which the calculation 
is founded on few instances. I therefore say on page 25, “That a region 
of the gyri orbitales appears comparatively dark I must for the present 
- consider as accidental : there are, namely, two, or, for a part of it, four 
instances in which this area is the seat of a lesion.” I was obliged to 
shade the above-mentioned area, although it was diseased, as if it were 
in 100 per cent. of cases connected with the impairment of movement 
of the upper extremity, because, in fact, there was 100 per cent. ; 
but I should have been guilty of a gross fault if I had drawn any con- 
clusion out of such one hundred per cent. This Prof. Ferrier really 
asserts, but in this respect he is in error. I have not drawn any con- 
clusion from this 100 per cent., and this is to be seen in my saying 
relatively of the 100 per cent. of this spot and referring to this same 
picture : “ This is again founded on one of those irregularities which, — 
in the employment of my method, one must expect when there are only 
24---2 
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a few cases of lesions. of a certain spot at disposal.” Prof. Ferrier 
was, it seems, led to this mistake by my words: “ That besides this part 
of the cortex,” . . . for these words do not refer to the spot above 
mentioned, but to the occipital lobe shortly before spoken of. Not only 
the sense of the whole passage, but also a sentence, page 32 of my book, 
prove that it is just the opposite of what Prof. Ferrier thinks I intend 
to infer by the 100 per cent. The “ percentage method” can, therefore, 
very well be made use of in respect to the brain, although when it is 
based only on a few cases it gives here, as well as in political economy 
and statistics, results which are not to be depended upon. 

Prof. Ferrier concludes his report with the words: “ Though Prof. 
Exner advocates the localization of function in the cerebral hemi-— 
spheres, the support he gives it is of the most equivocal description.” In 
opposition to this remark I should like to lay stress upon the fact that I 
have never considered myself as advocate of the doctrine of localization ; 
that when I began my researches on this subject it was quite indifferent 
to me whether the results thereof would support the one or the other 
doctrine. It is, perhaps, admissible to refer to a dogma of German 
natural philosophy on which we lay the greatest stress, and which: 
consists in not heaping argument upon argument to prove a preconceived 
idea—else diligence would weigh heavier than truth—but to plan a precise 
and correct question, to construct suitable methods of eect and to 
leave the answer to nature itself. ; : 


Vienna, February, 1882. 
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THE: PHYSIOLOGICAL ACTION OF METHYLKYANE- 
THINE. By GEORGE L. WALTON, MD., Boston, U.S.A. 


(Germ., Methylkyanaethin) is a derivative of 
Kyanethine (Kyanaethin), C,H,,N;, which was discovered in 1847 by 
Kolbe and Frankland!. Having been requested by Prof. v. Meyer 
to investigate its physiological action, I have found it a powerful 
poison acting on the central nervous system. I owe Prof. Ludwig 
many thanks for his kindness in allowing m me the use of his laboratory 
for this investigation. 

The following is a short description of the preparation and chemical 
properties of this substance’ :— 

Methylkyanethine is a crystalline base, which fuses at 74° C., and 
distils undecomposed at about 258° C. It dissolves quite readily in 
water, and gives a strongly alkaline reaction ; on warming, it is in great 
part separated from this solution in the form of an oily fluid. Its com- 
position is expressed by the formula C,,H,,N; = C,H,,(CN )N;. In 
the process of preparing it, kyanethine is strongly heated with iodide 
of methyl. The crystalline product contains iodide of methylkyanethine, 
from which the free base can be obtained in various ways. ; 

In experimenting, I have used a1 per cent. solution, injecting it 
always into the rectum of dogs and rabbits through an elastic catheter 
inserted to a considerable depth. In this way speedy absorption is 
assured, the symptoms generally appearing within thirty seconds. The 
fatal dose exhibited in this way for a rabbit of 1,200-—1,500 grm. is ‘06 
to ‘10 grm. Death either takes place with one violent convulsion or 
after a succession of convulsions, such as will be described further on. 


1 Ann. Chem. Pharm., txv., 269. 
? A more accurate description will be shortly published by Prof. v. Meyer in con- 
tinuation of his earlier investigations on Kyanethine, &c. (Journ. pr. Chem. [2] 22, 261.) 
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The only abnormal post-mortem appearance is an excessive congestion 
of the brain substance and membranes. 

Poisonous symptoms appear in rabbits of 1,200—1,500 grm. after the 
exhibition of ‘02 grm. to 03 grm., and are generally well marked from 
‘04 grm. In one rabbit weighing 1,600 grm. the convulsions failed to 
appear with ‘05 grm., while another rabbit of 400 grm. died in one 
violent convulsion from the same dose. Dogs bear a larger amount ; a 
small dog of 3,650 grm. required :25 grm. before exhibiting the charac- 
teristic convulsions. The symptoms are as follows:—In from two to 
three minutes after the injection of the solution the animal begins to 
show signs of uneasiness and the respirations increase in frequency. 
Close upon these premonitory symptoms follow a convulsion, which 
commences generally with a twitching in the eyelids, extending rapidly 
to the muscles of the lips and neck. If the dose is small the convulsion 
may stop at this point, or even before; but if it is large, clonic contrae- 
tions appear in the fore and then in the hind limbs. If the convulsion 
becomes general the muscles of mastication are inyolved, violent chewing 
motions are made, and occasionally grinding of the teeth oceurs. The 
pupils are not noticeably altered during the convulsion, and there is no 
marked rise of temperature. The breathing during this stage becomes 

extremely rapid and deep. The pulse becomes accelerated within thirty 
seconds of the injection and remains so both between and during the 
convulsions. Mechanical irritation hastens the convulsive movements. 

The convulsion lasts from five to fifteen seconds, and is succeeded by 
a period of perfect rest, during which there is no sign of involuntary 
movement. This arias may be shortened by mechanical irritation. 
During the interval of rest the limbs are quite flaccid if the convulsion — 
has been a severe one, and the animal makes little or no resistance when ~ 
they are put-in various positions. If the degree of poisoning is slight 
this flaccidity of the limbs fails, and the animal seems quite normal in 
the interval, excepting the rapidity of the pulse-beat and the respiration, 
which remains generally somewhat faster than normal, though not so 
fast or deep as during the convulsion. 

At the end of this period of rest, which varies se a few seconds to 
one minute, the respirations foereaded again in frequency, and the twitching 
reappears in the eyelids and lips, followed by. the clonic contractions in 
the limbs. These periods of convulsion and rest alternate with more or 
less regularity throughout the poisoning. If the dose is small, the 
convulsions lessen in severity, the last ones consisting merely of an 
acceleration of the 9 and twitching of the eyelids. 
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_ If. the dose. has been .fatal, the limbs become more and more lax 
between the convulsions, the head drops, the pulse and respiration 
become gradually slower and finally cease. ; 

The blood pressure rises within a minute after the injection, and 
remains high throughout, sinking rapidly shortly before death, and 
reaching its maximum during the convulsions. The respirations become 
sometimes very irregular, and in one case a decided Cheyne Stokes 
quality was observed. 


EXPERIMENT, 


In a rabbit weighing 1,400 grm. a cannula was placed in the carotid artery 
and the blood pressure measured by a mercury manometer and recorded on a 
revolving cylinder. 
_ The respirations were taken as follows:—An elastic bag was tied round the 

end of a brass tube.. This tube was inserted into the esophagus, through an 

incision in the neck, to such a depth that the bag lay in the thorax. The 
brass tube was then placed in connection with a Marey’s drum by means of 
a rubber tube. The respirations, being transmitted from the bag in the thorax 
to the deum, were recorded on the revolving cylinder by a delicate lever. 

The time was recorded by an electric clock marking seconds. | 

The blood pressure at the beginning of the experiment was 68 mm., the — 
respirations 50 in the minute, and the heart beats as recorded by the pen of 
the manometer averaged 216 in the minute. 

‘07 grm. methylkyanethine was injected into the rectum. 

The blood pressure rose in twenty seconds from 68 mm. to 94 mm., and in 
the following two minutes to 108 mm., in which region it remained, rising 
higher during convulsions till shortly before death, which took place in twenty- 
five minutes. The heart-beats rose within thirty seconds after the injection 
from 216 to 252 in the minute. The respirations averaged in the convulsions 
nine in five seconds, or 108 to the minute, and between the convulsions 84, 
becoming very shallow toward the end of the experiment. The breathing 
a was irregular as compared to that before pofwening. 

The convulsions averaged six to ten seconds in length, and the intervals 
varied from fifteen to forty seconds, becoming gradually shorter. = =9»— 


EXPERIMENT. 

_ A young dog. Weight, 8,650 grm. Prepared in the same manner as the 
rabbit in the previous experiment. Injected *25 grm. methylkyanethine. 
Respiration before poisoning, 18 in the minute; after poisoning, during 
convulsions, 52. Blood pressure before poisoning, 106 mm,; after poisoning, 
146mm. Pulse before, 108 in the minute; after, 174 in the minute. — 


The frequency and length of the convulsions were about the same as in 
the previous case, The dog died forty minutes after the injection. _ | 
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These two experiments will suffice to show the typical course of the 
poisoning. As to the point of attack, the following experiments seem to 
show that it is limited to the cerebral centres, and that continuity of a 
part with the brain is essential to convulsions in the part. 


EXPERIMENT. 


A rabbit weighing 1,400 grm. Injected 04 grm. methylkyanethine. In 
three minutes a characteristic and violent convulsion ap , involving the 
muscles of the face, neck, upper and lower extremities. The spinal cord was 
now cut at the level of the second cervical vertebra, artificial respiration having 
been previously introduced. After the operation the convulsions continued in 
the muscles of the face and the platysma, the animal chewing violently duri 
the convulsions. The movements in the limbs ceased entirely. The rabbit 
was very sensitive to touch in the face, which hastened the convulsions, but 
no amount of irritation of the limbs produced convulsive movements in them. 

Animal killed in fifteen minutes. 


EXPERIMENT. 


Rabbit weighing 1,500 grm. Injected °06 grm. methylkyanethine. The 
left half of the cord tl a through at the level of the second cervical 
vertebra. The characteristic convulsions appeared in the face, neck, and 
right upper and lower extremity. Sometimes during a violent convulsion a 
tetanic S| appeared on the left side, but no clonic contractions. 

Animal killed. i 


These experiments, which were repeated with the same result, seem 
to show conclusively that in rabbits, at least, the spinal cord is unaffected 
by the poison, and that its action during the poisoning is merely that of 
a conducting medium. : 

The reflex irritability of the face alluded to in the first experiment is 
characteristic, and tickling the eyelids generally brings on convulsive 
movements, at least in the eyelids, if the animal is at all under the 
influence of the poison. (Epileptogenous zone of Brown-Séquard ?). 

In frogs the central nervous system is also attacked by the poison, 
the brain most markedly. In a frog of 50°75 grm. ‘01 grm. produces 
toxic, and generally fatal, symptoms. Within ten minutes appears a 
convulsive stage, during which tonic and clonic contractions are seen in 
all muscles of the body. This stage may fail in feeble and sluggish 
frogs, and is not of such a marked periodic character as in the warm- 
blooded animal. Before the convulsive stage is over, and sometimes 
before it begins, appear paralytic symptoms. The head drops on the 
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table, the limbs become lax, and the frog makes no resistance to their 
being placed in any position. If they are stretched’ out he makes little 
or no effort to draw them to his body, as the normal frog does. Pinching 
the toes elicits less and less reflex action, and the frog makes little effort 
to avoid falling or sliding. 

That the spinal cord is to some extent affected in frogs may be seen 
by poisoning a frog whose brain has been destroyed several hours pre- 
viously. The period elapsing between the injection and the appearance of 
toxic symptoms is longer in such a frog than in one whose brain is intact, 
say, twenty to thirty minutes. Convulsive twitchings appear in the 
_ muscles, and the movements made by the limbs are slow and irregular, 
in marked contrast to the decided movements of the same frog before 
poisoning. The reflex movements of the decapitated frog are delayed 
and lessened in.intensity by the injection of the poison, as may be tested 
- by dipping the toes in graduated solutions of dilute acid. 

The motor nerves are not affected, but respond to as feeble a 
faradaic current as before poisoning, and the contraction — by 
such stimulation is equally strong. 


Among the various theories which might be advanced as to the 
action of methylkyanethine, the simplest as well as most satisfactory 
seems to me that it attacks centres of motion in the brain (possibly 
limited to the convulsive centre in the pons Varolii), medulla oblongata, 
and in frogs the spinal cord, at first stimulating and finally paralyzing 
them. In this respect its action on the brain is analogous to that of 
strychnia on the cord, t.¢., a period of stimulation, followed, if the dose 
is strong enough, by loss of function. It would seem that in the frog 
the paralyzing effect of the poison is paramount. 

In the frog not only the higher (voluntary) and lower (reflex) cerebral 
functions are impaired, but also those of the spinal cord. The fact that 
the stage of cerebral excitation is less marked in the frog points, perhaps, 
to a difference in the composition of the cerebral cells in the warm and 
cold blooded animal. 

The respiratory centres seem to be affected by the poison, being i in 
the warm-blooded animal decidedly stimulated, while in the cold- 
blooded animal this action is not marked. The sapidity of the respira- 
tion may be thought due to the convulsions, but the stimulation of the 
respiratory centres seems a more probable explanation, from the fact that 
the rapid breathing appears before the convulsive action has fairly begun, 
and often when the dose is so small that the convulsions fail. ~ 
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The. rapidity. of . circulation ensues so quickly. after injecting the 
poison, and remains so constant throughout, that. the most probable 
explanation of the phenomenon is a stimulation of the accelerans cordis 
center in the medulla oblongata. This change in circulation might be 
considered the cause of the convulsions in rabbits, but the object: of. the 
present paper is to record observations rather than to discuss the method 
of operation of the poison, which would lead into the unsettled ica 
of the etiology of epileptic convulsions. ; 

Having established the srobebility that the cerebral centres were 
attacked by the poison, it seemed of interest to compare its action to that 
of the drugs which have a paralyzing effect on these centres, as chloral, 
morphia, and chloroform. If the convulsions from methylkyanethine 
are caused by an irritation of the cerebral centres, we should expect 
them to be lessened or prevented by the administration of any of oe 


EXPERIMENT. 


A rabbit svedaiien 1,500 grm. was given 0°5 grm. chloral. In a few 
minutes sleep ensued, accompanied by slow respiration. Injected ‘075 grm. 
methylkyanethine. In three minutes the respirations were somewhat acceler- 
ated, but there was no trace of a convulsion. In two hours from the injec- 
tion of the chloral the animal had almost returned to its normal condition. 


EXPERIMENT. 


A rabbit weighing 1,450 grm. Injected 0°7 grm. chiral; The sniniel 
was somewhat stupefied, but did not sleepsoundly. Injected ‘06 grm. methyl- 
kyanethine. Respiration and ba a became somewhat accelerated, but no 
convulsions appeared. In an hour and a half from the beginning of the 
experiment the rabbit was about well. 


These experiments show that the cerebral activity characteristic of 
methylkyanethine fails to appear in rabbits under the influence of mode- 
rate doses of chloral. 

The slight toxic effect in these cases, and the rapid recovery feotm, a 
dose of the methylkyanethine, which is generally fatal (‘075 grm.), 
would show either that chloral is a direct antidote for the poison, or that 
the intensity of the convulsions is an important factor in the death from 
methylkyanethine, and that preventing the convulsions promotes 
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recovery. If the latter proposition is true, the case is analogous to that 
of strychnia poisoning, in which repeated convulsions cause death, which 
can be postponed considerably by keeping is animal as. nearly ‘as 
possible in a state of absolute rest. 
Having found that chloral is an antagonist of methylkyanethine, it 

became of great interest to determine if the reverse was the case, and if 

this new substance might prove useful as an antidote for chloral. — 
‘The results of my experiments on this point have been up to this 
time negative. I am not sure that I have succeeded in preventing or 
postponing death from a fatal dose of chloral with any dose of methyl- 
kyanethine which I have tried, and in every case in which a large dose of 
methylkyanethine was added to a fatal dose of chloral death was hastened. 
The minimum fatal dose of chloral for rabbits of 1,500 grm. I found to be 
1 grm. per anum, and: this dose proved fatal in rabbits which had received 
doses of methylkyanethine varying from -020 grm. to 06 grm. Other 
rabbits have, to be sure, recovered from 1 grm. of chloral after receiving 
: small dose of methylkyanethine, but 1 grm. of chloral is not always 

atal when given alone, and the fact that it has been in certain cases fatal 
when combined with different doses of methylkyanethine, seems to indi- 
cate that the antidotal effect of the latter, if any, is not very marked. 

That a large dose of methylkyanethine hastens the fatal effect of 

chloral may be illustrated by the following . 


EXPERIMENT. 


Two rabbits, of 1,530 and J ,500 grm. weight respectively, were given the 
same dose of chloral val grm.). To the heavier and stronger of the two was 
ies also ‘05 grm. methylkyanethine. The rabbit with methylkyanethine 

athed somewhat faster, and slight twitching of the eyelids was noticed, but 
no convulsions. This rabbit died in half an hour, while the weaker rabbit, 
which had received only chloral, lived four hours. 


A small dose of methylkyanethine seems to have a certain degree of 
antagonistic effect to chloral, as is evident from the acceleration of 
respiration and increased reflex irritability, and in some cases it was 
questionable if life was not somewhat prolonged, as in the case of one 
rabbit weighing 1,500 grm., which received 1 grm. of chloral and ‘025 
grm. of methylkyanethine, and which lived eight hours. The effects of 
this poison are temporary, while those of chloral are continuous. It can 
therefore hardly be expected that the chloral will be neutralized by one 
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dose of methylkyanethine, even if the latter were a direct antidote, and it 
is ‘possible that.in small repeated doses it may prove of value. This 
point I have not yet tested. 

Morphia and chloroform also prevent the convulsions from methyl- — 
kyanethine. I have found ‘02 grm. to ‘03 grm. of morphia necessary to 
produce narcosis in rabbits of 1,500 grm. When under the influence of 
such a dose, or even of doses too small to produce narcosis, rabbits show 
none of the characteristic symptoms from large amounts of methylkyane- 
thine. The fatal effects of morphia have, however, appeared from a 
moderate dose of morphia, *20 grm., notwithstanding the exhibition of 
methylkyanethine in a dose of 03 grm. This branch of the subject 
_ will, however, like that of the antidotal effect of the poison to chloral, 

_bear further investigation. 

_ Rabbits narcotized by the inhalation of chloroform also fail to show 
the characteristic convulsions from ‘06 grm. of methylkyanethine, and in 
two rabbits which I have so treated the result was fatal. 

Whether this new poison may prove of any therapeutic value remains 
to be tested. As a poison acting probably as a direct stimulant to the 
cerebral centres, it has seemed of sufficient physiological interest to 
deserve this detailed report of its action. 
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ON THE INFLUENCE OF VARIATIONS OF INTRA- 
CARDIAC PRESSURE UPON THE INHIBITORY 

_ ACTION OF THE VAGUS NERVE. By HENRY 
-SEWALL, Ph. D., Associate in Biology, and FRANK 
DONALDSON, B.A. | 


(From the Biological Laboratory of the Johns Hopkins Calne, 
Baltimore, U.S.A.) 


THE very interesting contribution to the physiology of the heart whic): 
has recently, come out of the joint labours of J. M. Ludwig and 
Luchsinger? contains an account of experiments which seem to show 
that increase of intra-cardiac pressure diminishes, and may in fact 
totally subvert the cardio-inhibitory action of the vagus nerve. This 
effect appears to be truly physiological, for the inhibitory efficiency of 
the vagus supplying the heart of a frog may be alternately exalted and 
depressed in the same heart by varying the intra-cardiac pressure. 

In view of the method for the isolation of the mammalian heart 
recently introduced by Professor Martin’, it was hoped by the authors 
of the present paper that the pure results of the influence upon the 
vagus function of variation of pressure within and outside of the heart 
might be determined upon the isolated organ. 

The task thus undertaken had previously been the theme of some 
of the brilliant researches of V. Bezold and his pupils at Wiirzburg ; 
but their experiments, though of great interest, seemed to us by no 
means to have eliminated sources of error which must vitiate the 
conclusions arrived at. Our own experiments in this direction have, 
as yet, practically decided nothing, and this preliminary paper is only 
put forward at the present time because of the unavoidable ik ae of 
those who are its authors. 


1 “Zur Physiologie se Herzens.”” Pfliiger’s Archiv, Bd. xxv., p. 211. 
2 Journal of Physiology. Vol. 11., No. 1, p. 119. Also, Studies from the Biol. Lab. Johns 
Hopkins University, Vol. 11., No. 2, p. 216. 
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858 H. SEWALL AND F. DONALDSON. 
In the work of Ludwig and Luchsinger upon the frog, the heart , 


was supplied by blood or salt solution from a flask, and the intra-cardiac 


pressure was altered by varying the level of the flask. From the 
incomplete data which are given of their experiments, it is impossible to 
make out through which one of the various factors to be considered this 
variation of the pressure of the inflowing fluid has an effect upon the 
vagus. Thus. increasing the supply of blood to the heart eventually 
raises arterial. pressure and so increases. the resistance to the action of 


the ventricle in its systole... By raising the pressure flask the distension 


of the ventricle in its diastole becomes greater and .the tension of its 
walls is augmented ; and the difference between these two conditions 
is of quite practical physiological importance. ‘Again, the same condi- 
tions which thus affect the substance of the ventricle exert themselves 
on the thin-walled sinus and auricles to a more marked extent ; and it 
is of importance for us to distinguish between the behaviour of the 
various parts of the heart when they are separately subjected to different 
internal pressures. This was, therefore, the preliminary question to 
which we applied ourselves : How does blood pressure, whether intra- 
cardiac or extra-cardiac, affect the vagus inhibitory function, and upon 
what part of the heart is its influence in this respect exerted ? 

The animals made use of were the large-sized bullfrog and the 
“Slider” Terrapin, Pseudemys rugosa. Most of the experiments were 
performed upon specimens of the latter. The division of the terrapin’s 


heart into chambers corresponds essentially with that of the frog, and 


the two mechanisms appeared to us to be physiologically alike. Our 
animals were beheaded and an inflow cannula was tied in the inferior 
cava, the remaining venous branches being simply ligatured. It was 
only after some practice that we were able to apply the ligatures without 
interfering with the function of the vagus. The outflow cannula was 

fastened in one of the great vessels arising from the bulbus aorte, the 
remaining arteries being tied. To the outflow cannula was attached a T 
tube, one limb of which was connected with either a mercury manometer 
or with a very efficient water manometer which has been sufficiently 
described by another writer.! The remaining limb of the T piece was 
used for an outlet, and was connected with a rubber tube, by raising 
or lowering of whieh arterial pressure could be varied. The manometer 
record indicated the condition of arterial pressure and the pulse rate. 


1 'W. H. Howell and M. Warfield. Studies from the Biol. Lab.- Johns’ Hopkins 
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It was found that much more could be made out of the heart beat 
through direct observation than by tracings alone; so the heart being 
laid bare, the rate and character of its pulsations were directly watched. 
To prevent drying, the whole animal was inclosed in a glass-covered 
inoist chamber, The heart was fed by the whipped blood of the calf, 
diluted with two parts of 0.75 per cent. salt solution. Sheep’s blood | 
seemed to serve equally well. The blood was supplied to the heart from — 
& Mariotti’s bottle whose level, and thus the pressure of the inflowing 
fluid, could be altered to any desireil extent. The stimulating current 
dite from a Du Bois induction apparatus, the interruptions being 
tiiade by a tuning fork kept in vibration by a pair of Daniell cells. 

th vagi were always prépared and cut. The stimulation lasted in 
éach case 15 seconds, and tolerably equal intervals of 3 to 4 minutes 
elapsed between successive observations. The heart was subjected to 
édch new pressure for 1 to 2 minutes before stimulation, and the pulse 
Was counted immediately before and. durin g the latter. 


I.The Effect upon the cardio-inhibitory Action of the Vagus 
of Variation of venous Pressure, arterial Pressure re- 
‘maining constant. 


‘In the experiments thus performed upon the intact heart, the main 
statement of Ludwig and Luchsinger was abundantly confirmed. | 
Not only was the inhibitory influence of the vagus weakened in general 
by increase of pressure, but this result followed when the increase was 
within what are probably physiological limits, t.¢., within 1 to 2 cm. 
blood. — The following are a few results from a single experiment :— 


TaBLE I. 
No. of Observations. ee 15 seconds before | 15 seconds daring 
1 2 8 3 
2 5b 77 | 4 
4 2 3 


It is quite worthy of notice, a fact not brought out in the table, that 
the effect of any change of pressure comes on gradually. For example, 
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360 -. 4H. SEWALL AND F, DONALDSON. 
when the Mariotti flask is raised some 10 om., the first succeeding 


observation does not show so marked: an impression upon the vagus as 
does the second ; when the pressure is lowered again to its former level 
the full efficiency of the vagus does not return immediately, but only 
after the lapse of one or two observations. __In some cases after an ex- 
periment had been continued for an hour or more with this peculiar 


~~“ relation of vagus efficiency to intra-cardiac pressure exhibiting itself, 


change of pen ited ceased to have any effect upon. the aay 
action. 

_ There was, in general, no noticeable variation. of pulse rate with 
altered pressures, such as Ludwig and Luchsinger describe, except 
under special circumstances. The fresh heart which is empty, or is 
supplied with blood under very low pressure, } to 1 cm., has a slower 
pulse rate, according to our observations, than a heart moderately well 
supplied with blood, or one which is somewhat over-distended. But 
after the heart has been once tolerably distended the pulse rate ap- 
parently continues the same within all limits of internal pressure. This 


‘fact adds itself to many others which indicate the important réle which 


the elasticity of the heart substance plays in the cardiac function. 

It is unfortunate that large quantities of a better food material than 
calf’s blood cannot be obtained. Frequently this blood appeared to 
stimulate the heart muscle in such a way as to prevent its full relaxation, 
so that it beat for some minutes at the beginning of an experiment in a 


state of greater or less tonic contraction ; but when the normal disten- 


sion of diastole was gradually brought about by raising the internal 
pressure, all traces of tonic contraction passed off. | 

In one or two experiments upon the terrapin a considerable part of 
one of the large auricles remained at first in a state of firm tonic con- 
traction, and it is interesting to notice that when the whole heart was 
brought to a standstill by vagus stimulation, this tonic contraction did 
not pass off, but remained quite unaffected. This result rather militates 
against the hypothesis recently put forward by Rossbach’ that the 
vagus inhibition is due to an active rearrangement of the muscle mole- 
cules of the heart substance. _ 

There is a striking difference between the frog or terrapin and the 
mammal in the method according to which their respectively isolated 
hearts react to vagus stimulation. When the vagus of the former is 


irritated by a weak current, one or two beats succeed with the normal 


Pfliiger’s Archiv, Ba. 197. 
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rhythm, and then. the diastolic periods grow. gradually. longer as the 
stimulation is continued, the maximum effect of the stimulus being 
attained very gradually. In the heart of the dog, however, vagus 
stimulation, after the usual latent period. of one or two beats, is 
followed at once by the maximum inhibitory effect, the. ippibation 
becoming less and less apparent as the stimulation proceeds... 

A fact continually forced upon our attention. was the great 
of the systole as to its. energy.and, completeness upon the, amount. of 
fluid within the heart. . Particularly was this noticed in regard to the 
thin walled sinus.and auricles when isolated in the manner to be de- 
scribed, » Within tolerably low fluid pressures the sinus. and. auricles 
become so distended as to be powerless to contract; as the pressure within 
them is reduced they contract feebly, and when the quantity of blood 
flowing into:them is only just sufficient to bring about full distension 
during diastole, they contract powerfully and empty themselves com- 
‘pletely at each beat.. As the supply of blood is further lessened. by 
lowering the pressure flask, the contractions apparently again become, 
feebler, and, i in the sinus, hardly visible. .No quantitative estimations 
were. made in regard to this point, but the conclusion from inspection 
alone is that, within its working limits of. internal pressure, the heart 
muscle has a remarkable power of accommodating the intensity of its 
discharges of energy to the resistance to be overcome. | 

. It has been fully proved by various workers that internal pressure i. 
an excito-motor influence on the heart, and we have recorded one experi- 
ment which establishes the same fact in an unusual way. In the in- 
stance mentioned, the blood. was supplied to the left auricle of a terrapin, 
through the pulmonary vein, and the ventricle was suspended apex up- 
ward by. a string round the apical vein. Owing to this distortion there 
was a backflow of blood between the valves into the right auricle, so 
that. both auricles became distended with each diastole, but the left 
quicker than the right; and it invariably happened, with fairly high 
venous pressure, that the left:auricle preceded the right in its systole ;— 
in other words increase of pressure within the cavity of one auricle 
precipitates its systole independently, without, however, altering’ the 
rhythm of the beat. __ 

As far as could be determined, ‘the ane of the blood supplied ‘to 
the heart has no effect upon vagus inhibition or upon the action; of! that — 
nerve in producing variation of intra-cardiac pressure); a heart behayes 
the same when supplied with venous with 
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In a preliminary report? Gaskell describes experiments which, though 
pursued after quite a new method, have resulis which bear in some 
respects a striking likeness to our own. In that work the heart with its- 
attached organs was taken from the body of the frog and hung suspended 
by a clamp’ which gently pressed upon the line dividing the auricles 
from the ventricle. Two light levers were attached respectively to the 
auricles and ventricle, and by their means the contractions of both these 
divisions of the heart were separately recorded. The author states that 
stimulation of the vagus may cause marked diminution in the power of 
the beats without causing any slowing of the rhythm. 

This result has frequently struck us while stimulating the vagus of the 
frog with a weak current. The float of the water manometer falls 
gradually and perceptibly with every such stimulation, ‘but without 
showing on the tracing any change in the nyreme of the beat. 


. The Effect on the Vagus Action of Variation of intra-ventri- 
cular systolic Pressure. 


+ 


| . Registering by means of the water or mercury manometer, it was 
i found, by clamping or raising the outflow tube, that variations of arterial 
i pressure within very wide limits have no effect on the cardio-inhibitory 
if powers of the vagus, venous pressure remaining constant. Variation, 
et. thus, of arterial pressure in the frog from nil to three-quarters of an inch 
a of mercury, the greatest mean height of the column which the heart 
% could support, had no perceptible influence on the vagus action. | 

a When arterial resistance was increased or diminished gradually there 
i was no perceptible change in the rhythm of the pulse, but rapid 

is variations of resistance had an evident influence on the beat. 

Sudden lowering of arterial pressure to the extent of half an inch of 
mercury has been seen to be succeeded by a marked dicrotism in the systole 
of the ventricle, but the dicrotism disappeared permanently on weakly 
stimulating the vagus. In another case with high arterial pressure, and 
after a slight increase of venous pressure, stimulation of the vagus brought 
about the dicrotic beat, which afterwards gradually returned to the normal. 


III. Effect of Variation of diastolic intra-ventricular Pressure. 


In testing this question the end of the outflow cannula was pushed 
directly into the cavity of the ventricle, and arterial pressure was raised 


aa 1 On the Rhythm of the Heart of the Frog, and on the Nature of the Action of the 
ae Vague Nerve.” Proc. Royal Soc., Dec. 8, 1881. 
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by elevating the outflow tube. For a special reason it was found that 
the diastolic pressure within the ventricle could not be varied within 
very wide limits without at the same time affecting the intra-auricular 
pressure under the influence of vagus stimulation. If, in one of these 
experiments, the outflow tube were completely clamped, the whole force 
of the ventricular systole must. have been sustained by the auriculo- 
ventricular valves, and these are quite sufficient to prevent a backflow 
of blood into the auricles. Bat when, under these conditions, the vagus 
is stimulated and the pulse slowed, the auricles immediately become 
gorged by a backflow from the ventricle. In the same way the intra- 
ventricular pressure may be considerably increased by elevating the out- 
flow tube without the blood in the ventricle forcing its way backward 
into the auricles; but so soon as the beat becomes markedly slowed 
through vagus stimulation, the auricles become gorged and distended 
by the blood from the ventricle, because the valves are rendered ineffi- 


cient by the stimulation. In this case, evidently, we cannot get out thes 


pure effects of increased intra-ventricular diastolic pressure. Se 


The result described indicates-apparently that the extensibility of the 
heart substance is actually increased by vagus inhibition, so that the 
same internal pressure expands the cardiac cavities to such an extent 
that the valves no longer effectually separate them. Essentially the same 
conclusion as to the alteration of extensibility is put forward by Gaskell 
in the paper referred to above. We are inclined to attribute this result 
not to an active re-arrangement of the muscle molecules under venous 
influence, as Rossbach! would assume, but rather to a complete quies- 
cence of the functional changes in the heart which we think are con- 
tinually going. on in all phases of the normal beat. It is possible to 
vary the diastolic pressure within the ventricle of the terrapin’s heart 
from nil to a pressure of 7 mm. mercury as indicated by the manometer 
without causing a backflow into the auricles when the vagus is stimulated 
with a weak current. In this case the change of pressure was quite 
without effect on.the inhibitory efficiency of the vagus, though, so soon 
as, under strong stimulation, the heart greatly relaxed and the auricles 
became gorged, the inhibitory action of the nerve was lessened. We 
therefore conclude that changes of intra-cardiac pressure, when 
experienced by the ventricle alone, are without effect on 
the cardio-inhibitory function of the vagus. 

‘When changes of pressure within the ventricle were meonded | in the 


1 Loe. cit. 
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manner described by means of the mercury manometer, the tracings 
show two to four pulsations of the normal rhythm to have occurred 
after complete inhibition of the heart beat, as directly observed. The 
usual means were taken to avoid inertia movements in the mercury 
column by making the connecting tube- short and of inextensible 
material, and we are now inclined to ascribe that result to rhythmic 
changes in the elasticity of the heart, which continue for some time 
it has apparently come to a Compre standstill. 


IV. Variations of Pressure within the Sinus and ‘Auricles 
together, the Ventricle being excluded. 


From this time on the terrapin was used as the subject for experi- _ 
ment in preference to the frog. The cannula for the inflow of blood 
was tied in the inferior cava ; that through which the outflow took place 


awas usually passed through the right superior cava into the cavity of 


the right auricle ; all the other heart-vessels were simply ligatured, and 
a string was tightly tied round the base of the ventricle. 

It was immediately seen when using this method, that all the effects 
upon vagus inhibition of varied pressure which can be observed on the 
whole heart, make their appearance on the isolated sinus and auricles 


_ when the pressure within them is varied by changing the level of the 


supply flask, as sik be since by an extract from one of the experiments: — 


TABLE 
; No. of beats in. No. of beats in 
No. of Observations. 15 secs. the 15 secs. during 
stimulation. stimulation. 
1 6°5 3°0 
3 4°0 
8 8 5°5 
4 2 
5 2 3°0 


We have found in general, in agreement with Klug} that the 
minimal inhibitory stimulus is less for the auricle than for the ventricle. 


From ae abstract we have of Gaskell’s work, it appears that that 


Du Bois’s Archiv, 880, 
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author obtained an inhibitory standstill of the ventricle while the auricles 
were still beating. It may not be out of place to suggest as an explana- 
tion of this result that the strain upon the auricle of the lever used 
to record its:contractions may have been so great as to greatly diminish 
the inhibitory efficiency of the vagus for that part of the heart. 

Several attempts were made, but without success, to isolate the auricles 
completely, and still bring them regularly to rest on irritating the vagus. 
We then took up the sinus alone, and were frequently able to isolate it 
from the rest of the heart and still obtain —* it constant vagus effects. 


Vv. Effect of Variation of Pressure within the venous Sinus 
3 alone, the rest of the Heart being excluded. 


In this part of the work a ligature was tightly bound between the 
sinus and auricles and beneath the ventricle, and the ordinary double ~ 
tube frog’s heart cannula was fastened in the inferior cava. The isolated 
sinus beats with a very slow rhythm, and the beat is hardly perceptible 
on the empty organ, but becomes relatively powerful when the sinus is 
pretty well filled, and especially so when allowed to Soon itself after 
overstraining. 

When treated in this manner the isolated sinus is ‘ealtiy brought to 
a standstill under the influence of the vagus nerve, and the inhibitory 
action is diminished or temporarily annulled by raising the pressure 
within its walls. A few figures from one experiment are given in— 


TaBLE III. 
‘ts No. of beats in No, of beats 
; Pressure within sinus 
No. of Observations. . the 15 secs. before | in 15 during 
1 20) 
2 1 4°0 2°0 
4 7 5'5 
5 1] 5°0 1°0 
6 1 45 


From these results it seems certain that the mechanism through 
which variation of pressure within the heart can affect the action of the 
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vagus nerve upon that organ lies largely, if not a within the 
venous sinus. 

Two possible explanations occur to account for the JisitnSalied 
inhibitory power of the vagus nerve on raising intra-cardiac pressure. 
The effect may be due to the mechanical strain upon the walls of the 
sinus and auricles putting them into a state of tension, in which the 
stimulus to activity within them overcomes the retarding power of the 
vagus. This view, stated in a different way, seems to be that held by 
Ludwig and Luchsinger, and is supported: by some of their experi- 
ments, in which it was found that the frog’s heart supplied with pure 
salt solution acted toward vagus stimulation under varied pressures in 
the same way as when supplied with blood. : 

It is possible, on the other hand, that the increased motor resistance, 
so to speak, of the heart, with ineronsed pressures, depends upon the 
accelerated nutrition of the organ. 

This question we hoped to test upon the isolated heart of the © 
mammal, by respectively increasing the tension in the cardiac walls 
through raising venous pressure, arterial pressure being kept constant, 
and increasing the nutritive supply of the heart by raising arterial 
pressure, and thus hurrying up the coronary circulation, while venous 
pressure remained constant. 

The heart of the dog was isolated in essentially the same manner as 
that described by Professor Martin, and each vagus nerve was laid upon 
u pair of Ludwig’s shielded electrodes. The vagus supplying the 
isolated heart loses its irritability so rapidly that it is necessary to place 


_ the electrodes within one or two inches of the heart in carrying out a 


series of observations. We were, unfortunately, obliged to bring our 
experiments to a close without final results in this direction, just when 
it seemed that the chief difficulties in the way of the work had been 
overcome. 

The work especially of Lustchinsky,} from V. Bezold’ s labora- 
tory, bears directly upon this subject. This author found on the dog, 
that raising intra-cardiac pressure by clamping either pulmonary artery 
or aorta was, in general, followed by diminished inhibitory action of the 
stimulated vagus. Also, either clamping the greater coronary artery or 
occluding by a loop the threo great coronary veins, was followed by 
increased inhibitory efficiency of the vagus. 

Though the results of Lustchinsky appear at first sight to show 
that both nutrition end intra-cardiac pressure have a comparable 

1 Wirzburger Physiol. Untersuch., 2te Th., 1869, p. 161. 
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influence on the vagus action, a little consideration makes it clear that 
the conditions of his experiments were far too complicated to allow us to 
draw any conclusions from them concerning questions that arise to-day, 


VI. On the Manner according to which the Vagus exerts 
its inhibitory Action on the Heart. 


In the normal beat of the frog’s heart it may probably be assumed 
that the motor stimulus is transmitted from sinus to auricles, and thence © 
to the ventricle, the rhythm of the sinus determining that of the whole 
heart, We think that our experiments point pretty clearly to the con- 
clusion that the inhibitory action of the vagus nerve exerts itself in the 
same indirect way, influencing the ventricle by damping in sinus and 
auricles the excito-motor discharges arising in these parts of the heart. 
The effect upon the vagus of increasing intra-cardiac pressure may be 
described as due to such an augmentation in the intensity of the excito- 
motor discharges in the heart as to overcome the retarding action of the 
stimulated vagus. The stimulating effect of internal pressure as regards 
the ventricle is perfectly familiar in the isolated apex ; and we have 
described an instance in which the rhythm of the two auricles became 
independent when they were distended, not synchronously but suc- 
cessively. We have shown that-the evident variation of arterial, that 
is. intra-ventricular systolic, pressure is without influence on vagus 
inhibition. A variation of diastolic pressure in one ventricle, but 
within much narrower limits, gives the same result. Therefore, if the 
vagus supplied the ventricle with independent inhibitory branches, we: 
should expect to see that part of the heart come to a standstill under 
high venous pressure, while the pulsations of sinus and auricles con- 
tinued. But we have not found that to be the case. The variations we 
were able to bring about in the systolic pressure within the ventricle 
were sufficiently great, but the narrow limits within which diastolic — 
pressure could be altered in that part of the heart allow of no very 
strong argument being drawn from the latter experiment. The question 
then is, Does the increase of tension of the ventricle wall in its systole 
alone serve as a motor stimulus to its substance? the excess of this 
stimulus with increased internal pressure having already been assumed 
to be the cause of inhibitory failure. 
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- Bowditch? and others have found that by smartly pinching the 
frog’s ventricle transversely, between the blades of a pair of forceps, 
we ate able to physiologically disconnect the apex from the base of the 
ventricle, the former remaining at rest, while the latter continued beating 
with its former rhythm. Gaskell? describes an experiment, suggested 
by Dr. Foster, in which the apex, isolated in the manner described, 
was set slowly rhythmically pulsating again by simply clamping the aorte. 
The stimulus to the quiescent apex was the new pressure of blood within 
it, and this pressure was only experienced during the systole of the ven- 
tricle. It is impossible to say what was the physiological condition of 
this isolated apex, but there is no more reason to suppose it to have been 
one of diastole than of systole. Roy ®* declares, concerning the isolated — 
ventricle, that “the ventricle, when the extra-cardiac pressure is higher 
than the intra-cardiac, or when the two are equal . . . while the organ 
has full play to expand or contract, invariably ‘esis a systolic posi- 
tion—its cavity being completely, or almost completely obliterated.” 
The work done by the heart may be greatly increased by raising the 
arterial resistance, venous pressure remaining constant, and therefore, 
unless we admit that under medium arterial pressures there is a great 
waste of contractile energy in the systole, we must suppose that the 
motor stimulus due to intra-cardiac pressure must make itself felt upon 
the ventricle ‘during its systole as well as in its diastole. 

The result described by Gaskell* in which he obtained stillstand of 
the ventricle through vagus stimulation while the auricles continued 
beating, apparently supports another view of vagus distribution in the 
heart than that put forward by us. The outcome of that experiment 
obtained by the peculiar method adopted, does not necessarily conflict 
with the evidence of our experiments, but to bring the different results . 
into harmony would require the postulation of a complicated nervous 
mechanism in sinus and auricles, for the existence of which there is, 
indeed, decided evidence, but about which far too little is signee to 
admit of profitable conclusions concerning its nature. 


1 Journ. of Physiology, Vol. 1., p. 104. 

* Journ, of Physiology, Vol, 11., No. 1, p. 48. 
3 Journ. of Physiology, Vol. 1., p. 463. 

* Du Bois’s Archiv, 1880, p. 610. 


iva 
wy 
2 
ae 
} 
| 
ig 
* 
; 
+4 
‘ 
4 
| 
a} 
1} 
il 
4 
+ 
5 af 
ae . 
| 


PRELIMINARY OBSERVATIONS ON THE INNERVATION 
OF THE HEART OF THE TORTOISE (Testudo Greca). Br 
_W. H. GASKELL, MD, 


(From the Laboratory, Cambridge.) 


In a paper which has been laid before the Royal Society, and of which 
an abstract appeared in the proceedings of the Royal Society, Decem- 
ber 21, 1881, I have described certain new effects of the stimulation of 
the vagus nerve upon the hearts of the frog and toad. At the meeting 
of the International Medical Congress in August, 1881, I had the 
pleasure of making a brief statement on the same subject to the 
members of the Physiological Section. The experiments there related 
have been already to a large extent confirmed in a recent paper’ by 
Heidenhain, who, I am pleased to see, has obtained results which 
are throughout extremely similar to those obtained by my method of 
experimentation. 

By these experiments it was shown that stimulation of the vagus 
was able to cause a diminution in the force of the contractions both 
of auricles and ventricle down to complete standstill, without any neces- 
sary corresponding alteration of rhythm; that this diminution when 
it occurred was followed by an augmentation of the force of the con- 
tractions ; but that this augmentation might be. the sole effect of the 
stimulation, and was not necessarily dependent on a previous diminu- 
tion, and was also independent of any alteration of rhythm. It was 
concluded, therefore, that in the vagus at least two kinds of nerve fibres 
exist, the one affecting the force of the muscular contractions, the other 
the rate of rhythm ; and it was argued that it was possible to conceive 
of the same nerve fibre at one time causing an augmentation, at 
another a diminution in the force of the contractions, while. another 
_ separate nerve fibre might cause now acceleration, now slowing. 


! Pfliger’s Archiv, Bd. xxvu., 8. 383. 
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The separation of nerve fibres, therefore, was confined to two classes : 

1. Fibres which alter rhythm, presumably through connection with 
certain motor ganglion cells. 

2. Fibres which alter contraction force, presumably through their 
action on the muscular tissue (how brought about was not determined). 

The separation then was not into accelerating and inhibitory, 
including in the former those which augment contraction force 
as well as those which increase the rate of rhythm (Heidenhain’s 
Verstirkungsfasern) and in the Jatter those which diminish con- 
traction force as well as those which slow the rhythm rate (Heiden- 
hain’s Hemmungsfasern), but rather into those which affect in one 
way or other the apparatus for the rate of ehythm and those which 


alter the force of the contractions. 


The action of the second class was especially considered, and it was 
chown that the vagus increased and diminished the ae as and the 
ionicity of the muscular tissue at the same time that it increased and 
diminished contraction force. 

Further the power of atropin, when apolied to the auricles and sinus 
only, ofremoving the action of the vagus upon the muscle of the ventricle 
pointed to the possibility of the existence of some intermediate apparatus 
between the nerve fibres and the muscle fibres by which the action of 
the nerve upon the different muscular attributes was brou ght about 
tather than by direct action of nerve on muscle. 


In continuance of these experiments I have beguna series of experi- 
ments upon the hearts of tortoises and snakes, and in this paper I propose 
to describe shortly some of the results obtained from the tortoise heart. 

The experiments are conducted as follows :— 

The heart of the tortoise is removed from the body, but with the neck 
and upper extremities still attached ; the aortic trunk is cut and held firm 
in a suitable holder, the right auricle attached by a thread to the upper 
lever and the ventricle to the lower, as described in my former paper’; 
the right and left vagus nerves are prepared and Jaid on the electrodes. 

Stimulation of the vagus produces an effect upon the heart of the 
tortoise somewhat different to that on the heart of the frog or toad. 
Thus, stimulation of the right vagus causes standstill. or slowing, 
followed sometimes by acceleration. During the slowing, or during 
the stimulation, the auricular contractions are diminished in force, and 
after the end of the stimulation are increased very gradually in 
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strength, so that the after-effect of the stimulation can almost be 
called a permanent one; the extent of the augmentation is very slight 
compared to what is seen in the case of the frog or toad. Stimu- 
lation of the left-vagus causes the same effects, only the alteration in 
rhythm is usually much less marked, or is even absent altogether. 

In neither case is the slightest: effect produced on the force of the 
ventricular contractions ; the ventricle contracts when the auricle con- 
tracts, and if the rhythm is slow the ventricular contractions are larger, 
if fast, then smaller. * The force of the ventricular contractions is entirely 
dependent on the rate of rhythm, and is not increased and diminished 
by nerve action as in the case of the auricle. 

The most marked difference therefore between the tortoise and the 
frog isthe impossibility in the case of the former of altering the force of 
the ventricular contractions by vagus stimulation. In connection with 
this fact it is significant that the ventricle of the tortoise is supplied with 
a well developed coronary system, while the auricle, like the auricle and 
ventricle of the frog, is devoid of any intrinsic system.of blood vessels. 

A. B. Meyer' has pointed out that in certain tortoises (Emys 
Lutaria) the right vagus only is active, the left nerve being without effect 
upon the rhythm of the heart. In the ordinary tortoise obtainable in _ 
England ( Testudo Greca) this same fact is to a large extent true, the 
right nerve always produces more slowing than the left, and in many 
cases the left nerve causes no effect whatever on the rhythm, though the 
right nerve at the same time causes absolute standstill, or most marked 
slowing. It is,however, an entire mistake to suppose that the left vagus 
has in these cases no action upon the heart ; its stimulation always pro- 
duces a marked alteration in the force of the auricular contractions, and 
indeed frequently a greater effect in this direction than stimulation of the 
right nerve. 

We see, then, here already indications of a separation into two kinds 
of fibres, viz. those affecting rhythm, and those which influence the force 
of the auricular contractions, A more complete proof, however, of the 
existence of two such separate sets of fibres can be given, owing to the 
anatomical peculiarities of the tortoise heart. 

The coronary veins of the ventricle run from the auriculo-ventricular 
groove into the venous sinus along the wall of tissue whieh forms the 
buse of the two auricles : a band of tissue which is continuous with the 
wall of the sinus, and contains the intra-cardiac nerves as well as the 


1 «*Hemmungsnerven System des Herzens.’’ Berlin, 1869. 
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coronary veins. From this on each side spring the muscular fibres of 
the right and left auricles respectively. The’ inter-auricular 
contains neither blood vessels nor nerve fibres. 

The chief coronary vein runs free from the auriculo-ventricular 
groove into the sinus, so that it lies loosely upon the basal auricular 
wall; a “seeker” therefore can be placed under this vein and it can be 
cut or tied without injury to the rest of the heart. 

The right and left vagi nerves pass into a large silredinidebices of 
ganglion cells in the sinus, and thence along the auricular basal wall 
to the auriculo-ventricular groove. After they leave the ganglion groups 
in the sinus a branch is always given off from the right nerve to 
- accompany the large coronary vein above mentioned. This branch, 
which is sometimes very large, at other times insignificant, I propose to 
call the “coronary nerve.” At each extremity it is in connection with 
groups of ganglion cells, the sinus group on the one side and those in 
the auriculo-ventricular groove on the other. 

By means of this nerve, then, we have an opportunity of Serve ate 
ing the action of the intra-cardiac nerve fibres of the vagus after they 
have left the ganglion groups of the sinus. 

Section of the coronary nerve produces no effect upon the rhythm 
or contraction of the heart. 

Stimulation of its peripheral end! always causes a marked diminution 
in the force of the auricular contractions without the slightest alteration 
of rhythm ; a diminution which may be followed by an increase in con- 
traction force. At the same time stimulation of the right vagus produces 
slowing and standstill as well as before the section of the coronary nerve. 

In one case, where apparently the whole of the right nerve between 
the sinus and ventricular ganglia ran along the coronary vein, the 
separation of the two sets of fibres was complete, the coronary nerve 
containing all the musculo-trophie fibres ; so that after section of this 
nerve, the right vagus caused only standstill and slowing and with the 
slowing the auricular contractions were increased in size according to the 
rate in the same way as the ventricular, although before the section 
they had been diminished in strength as well as slowed. 

That this effect. upon the contraction force of the auricles is tial 
due to nervous eo and not to escape of current owing to’ the 


1 Stimulation of the central end means stimulation of the nerve, when wibisch from 
the auriculo-ventricular groove and left in connection with the sinus, stimulation of 


the peripheral end when en from the sinus sand left in connection with the auriculo- 
ventricular groove. — 
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shortness of the coronary nerve, is clearly shown by the fact that it is 
possible to obtain the same effect upon the auricular contractions when 
the right vagus is stimulated in the neck and the coronary nerve is the 
only channel left by which the vagus stimulation can reach the auricle. 
This is well shown in the following manner :— 

_ In the first place, it is found that the auricles*ewhen separated from 
sinus and ventricle possess an independent rhythm, perfectly regular 
after the temporary stoppage which follows upon the section, but slower 
than the rhythm of the sinus. So, too, the ventricle alone when 
separated from the rest of the heart remains still for some time and then 


beats, at first irregularly, at long intervals, gradually quicker and 


quicker until at last.a regular ventricular rhythm is seen which under 
the same conditions is slower than the — and a fortiori much 
slower than the sinus, rhythm. : 

If, therefore, the auricles be cut away from the sinus, being still left 
in donsiocll with the ventricle, and at the same time the coronary vein 
and nerve be left intact, then after a time the auricle and ventricle will 
beat with great regularity, entirely independently of the sinus beats. 
In this way a rhythmically contracting auricle and ventricle can be 
obtained which is connected with the body only by the coronary vein 
and nerve. Under these circumstances stimulation of the right vagus 
in the neck causes a most marked diminution of the force of the auricular 
contractions without the slightest alteration of the independent auriculo- 
ventricular rhythm ; at the same time the sinus rhythm is i aaettely 
stopped or markedly slowed. 

Clearly then a true nervous influence can pass from the vagus in the 
neck along the fibres of the coronary nerve to the auriculo-ventricular 
groove and thence to the auricles, which affects only the attributes of the 
_ contraction of the auricular muscles, and is entirely independent of the 
manner in which the rhythm of the auricle is brought about, whether 
from motor ganglia situated in the sinus or others in the dtiHbalo- 
ventricular groove. 

Also the effect of the vagus upon the ehy thin appears to be confined 
to those nerve fibres which communicate with certain nerve cells in ‘the 
sinus or at the junction of the sinus with the auricles. 


Again, by means of the coronary nerve it is possible to decide the 
question whether any nervous arrangement exists by means of which 
the ventricle. has power to regulate either the rate of discharge of the 
sinus ganglia or the force of the auricular contractions. 
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Stimulation of the.central end of the nerve sometimes causes marked 
slowing, even when the stimulus is applied as far from the ganglia of the 
sinus as possible ; at the same time it may cause in some cases a diminu- 
tion of the force of the auricular contractions. 

If the auricle be cut away from the véntricle and the coronary nerve — 
and vein be left intact, so that the ventricle is in connection with the 
sinus and auricle by means of the coronary vein and nerve alone, then 
any stimulus applied to the surface of the ventricle can only affect the 
auricular contractions by acting through nerve fibres passing from the 
surface of the ventricle along the coronary nerve to the sinus, and thence 
to the auricle. Under these circumstances stimulation of the surface of 
the ventricle, even at some distance from the base of the ventricle, may 
cause a marked diminution in the force of the auricular contractions, 
even although the strength of the stimulus is so weak that we ventricle 
itself does not contract. 

Clearly then the ventricle is supplied with afferent nerve fibres which 
are able to regulate the force of the auricular contractions, and, therefore, 
the amount of blood sent into the ventricle at each contraction of the 
auricle, 

In addition, there ate in all probability nerves passing from the 
ventricle to the sinus which are able to regulate the rate of the sinus 
rhythm ; I cannot, however, as yet speak so confidently about the exis- 
tence of these nerves as of those above described : for I have never yet 
seen any effect upon the rate of rhythm by a stimulus applied to the 
surface of the ventricle, but only by direct stimulation of the coronary 
nerve, and it is possible that, owing to the shortness of this nerve, this 
latter result may be in. reality due to a direct effect of the stimulus 


upon the motor sinus ganglia, with which this nerve is in close 
connection. 


Further, it was stated in my former paper that in the case of the 
frog under certain circumstances the ventricle might be made to beat 
with every second auricular beat and that stimulation of the vagus was 
then able to bring hack the original regular sequence of beats. The 
signification of this is seen by the following experiments on the 
tortoise : — 

‘Section of the coronary nerve produces no eck upon the rhythm 
or regular sequence of the auriculo -ventricular contractions. 

Section of the auricular basal wall containing all the large nerves 
which pass from the sinus towards the ventricle produces no effect on 
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the sequence of beats, a ventricular contraction follows each auricular 
with the same certainty as before. : 

If not only the base be cut through, but the left auricle be entirely 
removed and the right auricle slit up towards the point where the 
ligature is attached, then as long as a certain amount of auricular 
muscular tissue is left, the auricle contracts as a whole and each 
auricular contraction is followed by a ventricular contraction. When the 
section is carried far enough so that only a very small portion of tissue is 
left between the extremity of the section and the ligature, then it is found 
that a “block ’’ occurs at this point (as in Romanes’ experiments with 
Medusz"') so that a wave of contraction passes from the sinus along that 
part of the auricle which is in connection with the sinus up to the 
narrow neck of tissue between the section and the thread, but cannot — 
pass further ; the part of the auricle, therefore, in connection with the 
ventricle does not contract and with this the ventricle remains quiescent. 

This block of the contraction wave between the two parts of the 
auricle is not permanent until the section is continued as close as 
possible to the ligature ; as long as there is any intact muscular tissue 
left a wave of.contraction will, sooner or later, pass the block, travel 
down the piece of auricle in connection with the ventricle, and when it 
reaches the ventricle induce a contraction of the ventricle. 

When a contraction wave has once passed the block other waves 
will pass at varying intervals until at last sometimes with marked sud-— 
denness every second contraction passes over and induces a ventricular 
contraction. At this time when the ventricle and that part of the auricle 
which is in connection with it (ventricle-auricle) is. beating absolutely 
regularly with half the rhythm of the sinus and auricle in connection 
with the sinus (sinus-auricle), this condition of half-rhythm (which is 
evidently of the same kind as that previously described in the frog as 
therresult of clamping, &c.) may last so long as to be almost described 
as permanent; in other cases the effect of the block diminishes still 
further with time, so that at last every contraction passes, and auricle 
and ventricle again beat perfectly synchronously. A slight increase of 
the section will theii bring back the former phenomena, and again and 
again the same series can be brought about until at last the block is 
complete, the bridge of tissue is so small that no contraction wave at all 

By ‘cated section the condition of half-rhythm can be cansed at 
once without any preliminary complete blocking of the contraction waves. 
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In the large number of experiments which I have made I have never 
yet seen the ventricular contraction follow upon the sinus-auricular with- 
out the passage of a contraction wave over the block; 7.¢., I have never 


‘seen any evidence that an excitation wave is able to travel from the 


sinus to the ventricle and cause a ventricular contraction independently 
of a wave of contraction over both parts of the auricle. 
When a contraction wave reaches the block there is usually a 


distinct pause before it passes along the part of the auricle on the 
further side of the block ; the wave of contraction can be seen to 
‘pass down the ventricle-auricle, and when it reaches the auriculo- 


ventricular groove, another, usually meen pause occurs before the 


| ventricle contracts. 


If the auricular muscle be carefully separated from the ventricle wel 
along each side of the inter-auricular basal wall, so that the ventricle is 


connected with the sinus and auricle only by the band of tissue which 


contains the large nerves and coronary veins, then the sequence between 
auricle and ventricle is entirely lost; i.e., the sequence does not depend 


‘upon the nerve trunks between sinus and ventricle. 


_ Again, by a system of parallel interdigitating cuts through the auricle 


at right angles to the base it is possible to completely block the auricular 


contraction wave and, therefore, to prevent all sequence between the 
ventricular and auricular contractions; although the band of auricular 


_ tissue so caused is throughout very much broader. than is required to 
cause a similar effect when a single cut is made at right angles to the 


base. This shows that a contraction wave cannot pass from one part of 
the auricle to another with equal ease in every direction and, therefore, 
that there are certain definite paths, depending probably upon - the 
arrangement of the auricular muscular fibres, along which wong: the 
contraction wave is able to pass. 

From these experiments it is clear that the sequence of ventridular 


‘upon auricular beat is not brought about by the medium of the large 


nerve trunks ; but that it is associated with the passage of a wave of con- 
traction starting from the sinus end and passing along the muscular 


fibres of the auricle to the junction of the auricle and ventricle. What 


happens at this junction it is impossible at present to say, and I can only 
suggest (with Marchand’) that the distinct pause between the arrival 
of the contraction wave at the auriculo-ventricular groove and‘ the con- 
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apparatus, such as motor ganglia, which are affected by the contraction 
of the auricle and which initiate a ventricular contraction. 

Further, the question arises, How is it that a partial block can be 
caused of such a character that only every second contraction wave 
passes the block? By removing the sinus ganglia and supplying their 
place with single induction shocks applied to the sinus end of the sinus- 
auricle the following propositions can be laid down : — 

1. Variations in the strength of the stimulus have no effect upon the 
passage of the contraction wave over the block. Ifa contraction wave 
can pass at all, it will pass.as well when caused by a weak as by a strong ~ 
stimulus; if it cannot pass with a weak stimulus, it ny not with a 
stronger one. 

2. Two consecutive contractions cannot pass the block unless ‘a 
sufficient time elapse between the contractions. ae 
Thus with single induction shocks every ten seconds all the con- 
tractions will pass or will not pass according to the extent of the 
section ; but with the same severity of section when all contractions 
at ten seconds intervals are able to pass, it is possible that with single 
induction shocks every five seconds, only every second contraction will 
pass. So too with a section such that all contractions at five seconds 
intervals can pass it is: possible that with three seconds intervals only 
every second contraction can pass. 

We see then that the effect of the injury caused by the section, 
together with the narrowing of the conduction path of the contraction 
wave, is to retard the process of re-establishment of the conducting power, 
which must take place after each contraction in order that the occurrence 
of a subsequent contraction may be possible. 

This slowness of recovery of the tissue at the blocking point upon 
which the half-rhythm depends can be in most cases removed, either 
temporarily or permanently, by the application of normal saline solution 
to the blocking point; every contraction wave then passes the block. 
By now drying this narrow bridge of tissue with filter paper the 
half-rhythm can be again brought back. 

Farther, without the application of any fluid, stimulation of the vagus 
will remove the block, expedite the recovery: of the tissue, and cause 
every contraction wave to pass; this effect of the nerve always occurs 
after the end of the stimulation, and is exactly similar to what has 
been already described in the case of the frog when the half-rhythm 
has been produced by clamping between the auricle and ventricle. A 
similar effect is produced by the stimulation of the peripheral end of 
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the coronary nerve ; after the end of the stimulation every wave passes ; 
i.e., nerve fibres which pass into the auriculo-ventricular groove possess 
a power of’ repair over a portion of auricular muscular tissue far removed 


is this action of vagus nerve 

1. Atropin applied to the auriculo-ventricular groove prevents: this 
action of the coronary nérve, as well as its action upon the contraction 
force of the auricular muscle, although naturally the vagus ‘itself is still 
able by means of the unaffected sinus ganglia to stop or slow the heart 
as efficiently as before the application of atropin. : 

2. Groups .of nerve cells are found in connection with the 
nerve at its entrance into the’ auriculo-ventricular’ groove ;.no nerve 
cells are seen in the muscular: tissue ‘of the ‘auricle itself... If then. the 
trophic action of: the coronary nerve be due to the presence of these nerve 
cells, then single induction shocks applied to the muscle of the auricle ° 
must produce a different result according as the stimulus is-applied to 
the muscular tissue only; or to the ganglion cells as well as the muscle. 
This can be investigated as follows :— 

A block:is caused by section, the sinus are and 
a pair of electrodes placed upon the sinus-auricle and: another pair. on 


the auricular tissue at its termination in the ventricular groove.- It is 


then found that the block can be so regulated that contractions starting 
from the sinus-auricle every five seconds are all unable to pass the block, 
and yet that every second, or in other cases every one, of the contrac- 
tions started from the auriculo-ventricular at same intervals 
of five seconds is able to pass. 

This experiment, together with’ the action of ‘the 
auriculo-ventricular ganglia, seems to show that the vagus produces. its 
effect upon the conduction power of the auricular muscle, upon the 
excitability of the muscle, and upon the force of the muscular contraction 
_ through the medium of certain nerve cells which are upon excitation able 


modify the attributes of the auriculo-muscular contraction 


— not able to cause a muscular contraction. 


We are led, therefore, to the conclusion that the heart enlahie two 
kinds of nerve centres, the one motor, the other trophic: motor nerve 
cells of different excitabilities, the most excitable in the sinus and 
at the junction of the sinus with the auricles, less excitable in the 
basal wall between the two auricles, and the least excitable at the 


junction of auricles and ventricle; trophic nerve cells which regulate 
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the formative processes in the auricular muscle at all events, and which 
are distributed throughout along the course of the nerve fibres from the 
sinus to the ventricle. The vagus acts on both classes of nerve cells, in 
the one case altering the rate of the motor discharges, and therefore the 
rate of rhythm, in the other causing modifications in certain trophic 
discharges, and therefore affecting the force of the contraction, power 
of conduction of a contraction wave, tonicity, &c. 
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CONCERNING THE INFLUENCE EXERTED BY EACH 
OF THE CONSTITUENTS OF THE BLOOD ON THE 


CONTRACTION OF THE VENTRICLE. By SYDNEY 
RINGER, M.D., Professor of Medicine at University Bai: 
London, Plate XTX. 


Ix this paper I record experiments designed to aa the intbaaaed 


. each constituent of the blood exercises on the: contraction of the 


ventricle. 
_ By “saline solution”’ I mean the ordinary 0° 75 per cent, solution 
of sodium chloride. ‘ Blood mixture” was matle from dried bullock’s 


blood dissolved in water to represent normal blood, and this I diluted 


with five parts of saline solution. 
In each experiment I always used 100 c.c. of saline solution oF 
of blood mixture. The tracings were taken with Roy’s tonometer, and 


run from left to right. The experiments were made in April and May, 


The ventricle was tied on the cannula The nearly as possible in. the 
auriculo-ventricular groove. A figure or * over'the trace indicates that 
the contraction was excited by faradaic stimulation, the figure showing 
the position of the secondary coil. | 
When the circulating fluid consists only. of “ saline solution ” the 
ventricular beats undergo the following changes (see Fig. O, Oa, 1, 5, 6). 
The contraction at first becomes more complete if the ventricle emplies 
itself imperfectly. The trace soon becomes broader, its summit rounder 
(see Fig. 0, B), at the same time there is slight diastolic contraction 
(persistent spasm). Next, the period of relaxation becomes greatly 
prolonged (see C; Fig. 5, B, and Fig. 6, B), and the whole trace is 


_ permanently raioed higher above the base line. 


During these changes affecting the expansion of the ventricle the 


contraction is very little altered, being rather accelerated, see Fig. Os 
(trace taken with quicker rate), where A shows the trace with blood 7] 
B the trace after saline solution was substituted for ‘Moog. 
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CONTRACTION: OF THRVENTRICLR 


sadbide ‘The dip in the abscissa shows the time the make, and the ties 


. the time the break induction shock was delivered. The secondary 


by ‘veratria. 


Next, ‘this prolongation of the dilatation grows lend: 


the same time the trace rises’ still higher above the base line (see Fig. 0, 


In-a series of contractions excited: after ‘a standstill ‘of some 


50° or 60 seconds tho first contraction ‘dilates. more rapidly than ‘the 
subsequent ‘ones.’ is seen ‘in from’ another 


experiment.’ 
These in increase, ‘hat is, the ‘whole rises 


higher’ and ‘higher above the base ‘line, the amplitude and’ duration 


of ‘each: contraction grows less, and the: dilatation: often ‘becomes less. 
prolonged (see F), same time’ the ventricle undergoes ‘another 


curious’ change. After the contractions ‘have become weakened the 
duration of the contraction and the slowness of dilatation are influenced 
by the strength and duration of the stimulus. | instance, in some 


cases if; in’ the ‘case ‘ofa ventricle“ not‘ contracting spontaneously, the 


coil moved ‘from, say, ‘to 0; the ‘contraction is ‘prolonged and 


followed by’ spontaneous ‘contractions (see G); where: the ‘contraction 
with * over it was excited the ont at the with over 
it with the coil at zero. 
Again, if the faradaic excitations be till the trace has 
its rise, the contraction is mach prolonged.’ See H, where 
the first contraction was‘ex¢ited by a ‘momentary excitation) the connec: 


tion in-the secondary current being“made and broken as speedily as 
possible, and the ‘coil standing at'8: In ‘the second contraction the © - 
faradaization was continued to the point’ opposite’ the: dot, the coil still 
standing at 8. In. the third: contraction: ‘the ‘coil stood at 0, andthe 
faradaization. was continued to the point: opposite the dot; The second 


contraction is much more prolonged ‘than the firstj:and the third than 
the ‘second ; and, moreover, the third ‘contraction is followed by: series 


of spontaneous This is still better seen‘in I, taken from 


experiment. In the’ first series’ each ‘contraction: was excited by the 

shortest duration of faradaization possible, the secondary current being 
made ‘and -broken’:as' speedily as: possible; In the-‘second series of 
contractions the faradaization was continued to'a level with the dot. . In 
each series the coil stood at 7. ‘This effect of an: in the strength, 
or duration, and number of stimuli: does: not occur: in’a: heart fed with 
blood, nor, in the early stages, with saline. ‘With a: stronger solntion of 
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for. 15 per: cant —all the above 


tion is completed at the base, whilst the rest of the ventricle remains 


quite: contracted, and. then the dilatation extends - gradually: to the apex. 
Sometimes, before: tle. dilatation lias spread far down: the ventricle, the 


dilated portion contracts again, and there,ensues 4: partial:fusion of the 
excursions in the trace ;. in fact;:we getan imperfect tetanus, the fasion 
being due, not to increased frequency of: the: contractions, but to their 
great prolongation, a second contraction beginning before its, ‘Bredecoesor | 


is s finished (see Fig. 1, ©). 


‘Blood; even in quantities, the with saline 


solintion. Thus: fresh or dried blood diluted. with three -.or, four: parts 


of saline does not induce the: character of contraction occurring 
saline, and yet blood mixtare — ne 


| 
On: one: occasion: I dissolved the blood j in 


so: that: the. blood mixture: contained. an excess: of soda. salts, and. this 
mixture did not prolong the ventricular dilatation. In other experiments 


I added to the blood’ mixture one, two, and ihree times its own quantity 


_ of saline, and with the larger additions only very slightly increased the =i 
duration of the contractions. On another occasion I added to tho 4 


100 c. c. of saline solution 25.c. c. of blood mixture, and almost entirely 


removed the effect of the saline, the contractions: 


shorter duration, and the dilatation much more rapid... 


Blood: mixture not ‘only obviates the changes early with | 


sodiui chloride, but: also the’ later ;changes.. This effect: is seen in 


Fig. 2a. In about ‘60. minutes, with saline, the contractions had grown 


very weak, the dilatation remaining’ prolonged (see B). On. substitut- 
ing blood for saline, at first the contractions became still weaker, but the 


_ dilatation ‘becanie more’ rapid. ‘The contractions then slowly improved, 
and soon the dilatation became as quick as at first, and: in about 40 


minutes ‘after the saline was chatiged: for blood mixture the. contrac- 
tions’ had become almost as: good as at the-beginning of the experiment. 
On ‘the addition ‘of blood 'solition, or on: replacing saline. with blood 
solution, the contractions at first become much less frequentiand weaker 
(see Fig. 2), but ina short time the contractions became good agains... 


If sodium chloride: is added from: time. to time to the bloed mixture 
till enough’ is employed to arrest thé ventricle, still:we'do nob produce 
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of 5: of 20 por cont, solution of. this, .quickly 
weakened. and. arrested. the veniricle. thea restored... contractions 


by. adding 50 of: water, to the, cirenlating blood. mixture. and 
again weakened the ventricle by: adding, 2.0.,¢.. of 20: per. cent. chloride 
of sodium: solution (see:B), .1)then substituted for the blood. mixtare 
saline “aolution,. and.{gob: olution teace,, the 
dilatation ‘becoming greatly: prolonged.(see .C..and ‘These Jast 
tracixigs will show the effect of of. the, conteaction, the 


Fig. give ropsuted, additions of eodiam 


chloride solution’to the’ blood mixtare, will be.seen that, sdminis- 


in this way, we do not ‘produce the-cliange that occurs with simple 


saline sélution: Blood, then; obviates theichanges ocourring 
tractions ofa ventricle :receiving only:saline: solution,.and.the question — 


arises, Which éonstitaerit- of the blood has-this property't » 


Gind: that a:emall quantity, of owhite :of:.egg 
the changes occurring with ‘saline.solution.! J first: took tracings with 
blood: mixture then: réplieed: the: blood with ;100:¢.;c. of, saline, and 
got the ‘usual great prolongstion:of dilatation. added, to: the — 
saline 25°C. of mixture;cdmposed of one ‘pest white 


of egg in'two' parts ‘of water)’: minutesthe contractions: became 


exactly as théy'were whon’ th: heart was: supplied with: blood .maixtare, 
White ‘of egg consists: of: albumins ‘and <chloride. of potassium,,and 
sodium, chiefly chloride: of potassium: It-is obvious) in the. preceding 
experiment that’the- effect of white of egg could not: be duei:to. the 
sodiwan chloride, The power to obviate the great prolongation of the 


dilftation oceutringwhen‘the ventricle was:supplied with salirie xolution — 


that quantities; much, smaller 


. than’ will ‘completely: and-speedily obviate the.character 
the ‘trace! occurring solution; and gives tance m all 


respects’: ‘that’ odeurting ‘when: -gentriole ».is:.supplied:..with 


blood mixture. This well shown: ir’ iret took 
withy blood: A), then' replaced ithe “blood.with 


100: saline! solation: (After; 415. minutes. obteined 


‘ 

tc 
ig 
j 
Vinh 
2 
id 
4 
ie: 
| 
| 
| 
) 
“ 
+ ray 
| 
ove 


1 thon addéd ‘to'the ‘saline 0°70. of 


cent. solution of potassium ‘chloride’ (see OC)’ at ‘the ‘point. indicated 
by ‘the ‘atrow; very speedily the ‘contraction became: modified,’ -the 
dilatation becoming much shorter. Ten minutes after the addition of 
the potassium chloride the contraction became: just like those-at -the 
beginning of the experiment ‘when the ventricle was: supplied «with 
blood ‘(see From numerdus: experiments I find that: from.0°6.c. 
to of 1 per cent. solution of. potassium chloride to the 100.4,-c.' of 
saline solution is sufficient: to. remove the. prolongation of dilatation 
with saline solution. 


blood mixture small doses: of chloride of. the | 


change occurring in the: later stages. of a ventricle fed with: saline 


 golution, This is well seen in Fig. 6. After. the’ trace. had. become 
_ greatly weakened (see C); the dilatation. remaining, greatly prolonged, — 
I added 1-¢, of 1. per. cent. solution. of potassium. chloride. 


speedily altered the trace ; it accelerated, the dilatation and brought the 


whole: trace nearer: the line... The contractions: then. grew slowly 


stronger, and in 34 minutes they were nearly..as\ good (see G),as at 
the beginning of the experiment, when the yentricle was supplied with 


blood (see A). On another occasion I restored good,,contractions by 


the addition of 0°7 «. c. of 1 per cent. solution of potassium chloride. 


«Phosphate of potash in smaller doses than exist in the blood Ekewias | 
the prolonged relaxation occurring with saline solution. 


employed a 1: per cent: solution of potassium. phosphate from which 


the greater part of water of crystallization was driven:off by placing — 
_ the salt over:a water bath for two hours ata temperature.of 212° Fahr. 
_ I found that 0:6 ‘c. c. of this solution greatly and speedily shortened the 


duration of the dilatation occurring with saline. solution, and.1°5.c. c, 


restored the trace to its condition when the ventricle was : supplied with 
blood. 


Phosphate of soda, dese remove the prolonged 


tion with saline solution, even. with quantities largely in. excess. of the . 
amount of sodium phosphate in the blood. effect, then, in potassiam 
| phosphate 1 is due to the potassium and not to the phosphoric.acid........ . 
Probably any potassium salt is sufficient to. obviate. the prolonged | 
dilatation occurring when the ventricle “is. fed with, saline solution.only, 
for I have produced normal contractions by adding to the saline solution 


potassium chloride, potassium. phosphate, potassium sulphate, potassium 


citrate, potassium bicarbonate, potassium. — 
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CONTRACTION: OF THE VENTRIOLE. 


10.0 of . saline: 


‘As an illustration of! the effect of potassium: J: the 


experiment : I first took a trace blood’ mixture: /Ithen 
replaced the blood with ‘saline solution: and: obtained the saline 


then. added 1:5 ¢. of potassium: chlorate: to’ the saline,and ‘soon: ‘the 
trace became normal, like: that. with blood mixtare. then’ again 
supplied: the ventricle with saline ‘solution, and a second time obtained 


the saline trace,and then I added 1-5: of pet cont: solntion‘of 


potassium nitrate and. produced ‘a. normal contraction. I third 


time:éupplied the heart with saline solition; snd thirdotime produced 


the: ‘saline trace. I then added of per cent. solution: of 
potassinm acetate. and ‘produced normal ‘beats: ['then a fourth time 


supplied the ventricle with saline, anda fourth time obtained the saline exe 
trace. I'then added to the saline solution: of 1 per cent. solahon 


-of potassium carbonate, and prodaced normal beats in ‘all: respects like 


those atthe commencement of the experiment ‘when the was 


— with blood mixture. 


next tested the effectof serum albumin, free: ftom. 
on the ‘saline trace.’ I dialyzed: seram ‘of: lamb’s blood for four days, 


and ‘dissolved: the precipitated albumin: by adding’ to of 
the dialyzed serum: an’ equal quantity of 1} per cent: of sodiam 


chloride solution, and added 1c... of 1 per:cent. solution of bicare 
bonate ‘of: soda. first‘ took -a trace: ‘with blood mixture, and then 
replaced the’ blood with 100. c. of-saline'solation: ‘The usual great 

prolongation of dilatation ensued; and Ithen added to'the saline‘solation 


25 eve. of the serum mixture, but without ‘modifying ‘the trace in the 
smallest degree. I then added ‘a second::25: of serum’ mixture, but 


still the great prolongation: of the ventricular dilatation continded:: I 


then added 1 ©. ¢.-of per of ‘potassium chloride, and, 


as usual at first, the contractions grew weaker, but they soon 


their strength and became: in all respects’ like: the contraction ‘with 


blood, the dilatation becoming natural.: It isevident, therefore, that — 
the albumin: in’ serum ‘will not obviate ‘the prolonged 


occurs when the ventricle’is:fed with saline solution alone. : 


It‘appears,; then, that..a smell quantity of potassium salt is | 


for the: prompt: dilatation of the ventricle. It: is singular that: whilst 


necessary for the speedy dilatation ‘of the ventricle, potash salts appear fs 


less necessary “for the proper contraction ‘of the ‘ventricle’; for: with 


‘ 
; 
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saline solution the contmetion ‘occurs: with: thai the same rapidity 


with bloodyand the dilatation’ only-is greatly retarded. 


I next tested the action of distilled water on the véutetolanis! I ‘Gest 


trace with: blood mixture, and ‘then replaced this with 100 cic. of 


distilled water... Waterthrows the ventricle into complete:and: permanent 
systole; in fact, it: affects the: cardiac like the skeletal: muscles;:and 


induces water «rigor... This effect of. water:is removed by adding sodium 
chloride to the water. The ‘effects: of: water, andrthe counter effect 
of sodium chloride; are. well shown in A shows: the trace-with 
blood: mixtare.;. At: B is: seen: the rapid: effect ‘of ‘water, the ventricle 


being thrown into complete and: permanent ‘systole. At:C is shown the 
antagonizing ‘effect: of sodium chloride, which‘ dilated the ventricle and 
restored to ‘it spontaneous contractility.: Afler atime the trace 
presented: the usial ‘character ventricle fed: with saline—that .is 
to say, the dilatation: became greatly. prolonged. « I then:added'a small 
contractions became just as they were with blood mixture, 

Fig. 4a also shows the effect of water’ action of 


chloride. 


‘White of ‘egg dissolved in’ water. the like 
I diluted white’ of hen’s egg’ with four’ times its’ quantity of) water and 


filtered its I then took a trace with blood mixture and replaced this 
with 100 c. of the white-of-egg mixture, and produced almost at/once 
complete arrest.of the ventricle -in compléte systole. then added to 


the albumin ‘mixture'2 c. c. of 10: per cent. solution of sodium-chloride, 
and in: about 70 seconds the heart dilated, and the trace fell to its 


position. to the base line.» ‘after: this slight contractions 
and increased in strength, the trace ‘again: rising’ higher above the base 


Jine—in other words, some tonic ‘spasm set in';:soon the trace again fell 
towards. the. base the: tonic ‘spasm ceasing, and: then: occurted 
contractions similar to those induced -adding sodium chloride: to 


blood mixture. On replacitig the albumin mixture with’ blood mixture 


good contractions returned, similar to those at the beginning of pny 


We see then that water induces in the ventricle tonic spasm iviie 


| rigor) , that an addition of white-of-egg albumin will not , ! this, 


bat that the spasm is obviated by sodium chloride. =< | 

If some time elapses after: the prodaction of water rigor: ‘before the 
addition of sédiuii chloride: solution, then ‘there occurs no return: of 
the beats nor full ‘in the trace, indeed no effect on the water ‘rigor.- -I 
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CONTRACTION OF THE VENTRICLE. 81 


ptodaced: water rigor, and about seventeen: thintites. after I aided: 


of 20 ‘per cent. sodium chloride solution, and’ it’ six 


2c. c. and: continued the: observation twenty-two minutes after thie’ first 
addition of sodiumi-chloride solution, but::the water’ rigor ‘remained  tin- 
changed: On another occasion Talldwed:six minutes to elapse after the 
induction of water'rigor before added: of 20 per denti polution 
of sodium chloride. The water rigor remained: unaffected, though 


continued the observation ‘eleven minntes. after the: addition of sddium 
chloride: ‘another: occasion e. of 20: per cenit,’ solu- 


tion of sodium chloride to the water 150 seconds (2'6 minutes) after ithe 
heart: was first’ ‘supplied with distilled: wateri; feeble 


contractions, and:as'usual’the trace fell to ite natural position: to the’ base 


line (see Pig: But the contractions remaitied very feeble, and: then 
grew weaker and had ‘almost ceased in thirteen shinutes after the addition 


of ‘sodium I.:then:replaced: the: water’ sodium) chloride 


solution with blood: mixture, and in 90 seconds: 
began and. became very good in nine minutes. 


It is evident, therefore, that blood is more, in the 
contractions :after water rigor ‘than simple saline solution... But if too 
long an interval. élapaés between: the; production: of water rigor ‘and the 


substitution: of the blood mixture: for.‘ water, the. water: rigor ‘remains 


unaffected by the blood. I !induced ‘water. rigor,eleven minutes—after 


remained unaffected. 
We see, therefore, that water, or water white of ope, first 
condition closely similar to: rigor mortis—and, after. a, little 


while «longer, :: true rigor ,mortia, the. ventricle becoming »white! and 


opaque, and ‘then: neither ‘sodium chloride nor. mixture 
ventricle to. dilate and to resume:contractility. 


Is-the action. of simple water on the: heart and 


chlovide of sodium simply ‘prevent these physical effects? 


To: see how far sodium chloride; acts merely physically, I 


syrup 1:3, in. ‘two parts. First: 1 produced water rigor, and then 
added to: the circulating water 1. c,.¢, and subsequently another ¢., of 
the syrup .without in‘ any degre lessening :the water: tigor. On 


another occasion I substituted forthe blood. mixtare: 100. 
distilled water, to which; had»previously added’3'o. ¢c..of this: syrup, 


but the water rigor occurred spite of, this. and -was:removed by 
the addition of 3.¢, ¢..of:20 per cent. sodium chloride solution, 
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occasions I removed it—the: heart fally. dilating-—with 8-0. of 20 


per cent.’ solution added ‘to c. ‘circulating: water.» In “ote 

experiment’ ‘no: contractility ‘returned, either ‘spontaneously or. with 

strong faradaio. excitation ; on the occasion, slight and frequent 

contractions returned, but in ‘about seven minutes, were not 

restored by 1 c. ¢. of 1 per cont. solution, were 
| blood. mixture. 


‘We seo that: water produces rigor, 1.6. tonic contraction of the 


and that'sodinm chloride prevents this effect. with saline 
solution while contraction is normal, dilatation is greatly: prolonged. Is 


_ this slow dilatation of the ventricle due to’ the effect of water being only 
_ partially ‘antagonized by saline solution? If this suggestion is ‘correct 


the. stronger ‘solution of sodium chloride should quicken the ‘dilatation 
and make it normal. But this is not the case, for I have: used solu- 


tions ‘containing 1, 1°5, 1°7; and per cent..and yet never obtained ‘a 


normal trace but the saline trace, the effects occurring much ‘sooner 


than with 0°7 solution. A’ stronger ‘solution per cent. 


the ventricle in diastole; 
[find that potassium chloride in not remove 


water rigor, I made three experiments; and after the’ production of. 


water rigor added to the circulating water 1c. c. of 1-per cent. of 
potassium chloride without any ‘effect. This indeed one would expect; 


for white of egg, which contains a fair quantity of Seems =, 


does not prevent water rigor. 

I-next experimented to learn how far chloride of potassium is able 
in doses to prevent the effects of water (water rigor}. When 
administered with blood, potassium salts are‘far*more poisonous than 
soda salts.’ 1°5 c.'c. of 10 per cent, solution of potassium chloride ‘added 
to 100 c. c. of blood mixture quickly arrests the heart in diastole, 
Again, we have ‘seen the striking effect of a quantity less than that 


present in the blood on’ the: prolonged dilatation of 


supplied with sodium chloride solution. » 


Although potassium chloride is powerfal i in stevie the ventricle: in 


diastole, yet it cannot prevent water rigor. I first took a trace with 
blood mixture, and then substituted 100 c. c. of distilled water for the 
blood and quickly produced water rigor. ‘Then, before spontansous 


contractions were abolished, I added 3‘¢.c. of 1 per cent.\potassiam 
chloride solution, and in about a minal and a half another 2 ¢:'¢., but 
the ventricle remained firthly: contraetéd and did ‘not beat 


could induced a strong induction ‘shock. 
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CONTRACTION OFTHE VENTRICLE. | 


Om ‘another occasion, after ‘taking ‘a tracing with blood: mixture,I 
100 of: distilled: water, to which had 


10 per: cent: solution of potassium chloride ; bat this: neither’ prevented 
nor rétarded the onsetiof ‘water rigor; and immediately this ‘coourred I 


added: another c., and: in about minnte: more, but without 


removing; or even: lessening, the contraction ‘of the ventricle. then 


replaced potassium ‘chloride: solution with blood 
soon dilated, and ‘the.trace . fell to' the base line, shortly after this 


spontaneous heats: I tuplaced the: blood 1000. 


water; to which I had added cof 10 per cent. solation.of potassium 
chloride ; tint‘ again ‘water rigor ‘speedily set in-as complete 


water alone. Immediately: the: ventricle: became quite: contrasted. I 


added: another 5 of 10 ‘per cent. solution, bat:did: not at —> 
the contraction. then replaced:the potassium ‘chloride solution by 
of 0°75: per: cent. solution: of sodium chloride: solution; and 


the ventricle quickly: dilated, the trace falling to the base line) and’ soon 


good » contractions: ensued, I then added: to: the saline ‘solution 2 


c. of 10° per: cent. solation ‘of potassiam’' chloride; and few 


seconds the ventricle became arrested with some spasm, 
which; however, soon disappeared (see' Fig. 7). 
On ‘another occasion, after ‘taking trace with blood 


suibetitnted for the blood 100:¢. of 0-75 per cent: solution of potassium 


chloride, and threw the ventricle into strong systole, which persisted ax oe 


minutes, when I replaced’ the chloride ‘of’ potassium ‘solution by blood. 
In about 3 minutes contractions returned, and when these had become 


fair again replaced the blood by potassium chloride 0-75 ‘per cent. 


solation, and ‘this time: the ‘contractions grew’ rapidly weaker and the 
ventricle stopped beating in diastole: 


_At another time after a blood’trace I replaced thé Blood by 0°75 per 


dei solution ‘of potassiam ‘chloride. ' I produced partial systole, and the 
trace fell’ towards the base: ‘line, but remained: higher than ‘with blood. 
I replaced the potassium chloride solution by blood ‘and got ‘back’ con- 


tractions, and! again replaced the blood by 0°75 per cent. solution of — 


potassium chloride, ‘The contractions gréw less and less complete and the 
ventricle stopped in diastole ; but:immediately after the ventricle slowly 
contracted. again and into:a state ‘of persistent spasm. ‘I apain 
restored spontaneous beats: by means of blood mixture, and again replaced 
the blood: by.100 c. ¢. of 0°75. per cent. solution chloride and 


again obtained the same result, the beats. growing weaker and the ven- 
tricle stopping in diastole, but then slowly passing into persistent spasm. 
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appears, that. neither inti. does of 


polassinm chloride will. obviate the contraction induced ' water. 
Part: of the persistent contraction :of ‘these;last experiments is: 


‘ably due to the potassiam chloride, for :though with the additidn:of small 


doses ata time, the ventricle arrested) :in diastole without: the 


production of; any persistent: spasmy.yet if.alargedose:be added:atonce 
 the-contractions. grow or are-arreated,and considers 
able amount of persistent: contraction; whieh, however, speedily declines. 


‘tee, thon, that water:-dlone induces: persistent and ithat 


this is: not: prevented: by potassium: ehloride::nor: by albumin white 


of egg); but is-obviated: by sodiam chloride. Sodiurmchloride; solution 
alone,:-however, is accompanied, :by considerable prolongation: of ::the 
dilatation .of the: ventricle,. that,. with heart “beating: at; its 


normal frequency, there: would: occur: considerablé amount:of:fusion 
of. the: beats, and the heart’s work would-be considerably interfered with, 


Minute-doses potassium salts, smaller even than: exist: inthe: blood, 
when added .to: the.saline solution: greatly accelerate: the'-dilatation of 


the ventricle and. a. beatin alls to! = 
duced: by: blood. 


saline solution, to which is. added ten-thousandth part of potassium 


chloride, makes an. excellent ciroulating in: 
heart. ; 

blood mixture,.and then.replaced this. with 100 ¢. saline 


solution, to which had.added.1.¢..c..of 1.per:cent. solution of potassidm 


chloride. ..The..contractions.. continued gnite complete 
contractions still persisted an hour after,.the /heart-was' first supplied. with 


the saline and. potassiam: mixture. ..Qn:another, occasion, after, taking a 
trace with blood: mixture, I substituted for the blood saline solution with 
of 1 per cent..solation of, potassium: chloride solution, ‘The-con- 
tractions retained. the same character, and.at the-end of. hours.and_ 


a. half were almost.as good at.the beginning of 
occasion. I used. sulphate. of :potash,.adding .1-¢/:0, 
cent, solution to 100 c.¢, of saline... This,in no way.changed the character 
of the contractions from those opcurring with blood. mixture, and.at: tho 
end of four hours anda half. the contractions were ony 


- 


= 
> 
ty 
a 
= 
te 
> 
4 
> 
= 
- 
| 
% 
“SE 3 
+ 
is 
ay 
bi a 
< 
2 
A‘) 
» 
| 
“2 aa 
: 


‘CONTRACTION: OF ‘THE VENTRICLE. 


A. Trace with blood | 
Twelve after solution was subetita ited for bidod mixture. 
3 ‘Pwenty minutes after saline solution substitated for blood mixture 
D. Thirty-three minutes after saline: igdintion. was substituted for blood 
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ne 


F. minntes after saline polation substituted for blood ini 
a 


Showing the effect of blood mixture on on the'salinie trace, 


weaker, and of shorter duration. Ina shorttimegood‘normal 


+4 


Sixty-three saline solution puketituted for blood miature. 
C. About six minutes after saline sclotion replaced by blood mixture; 
D. Forty-two minntés after was replaced:by blood mixture. 
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Showing. the of a sodinm, chloride to blood 


RINGER, 


3. 


Bifect of of 20 per cent. solution of sodium chloride added to 


100 0. of blood: mixture, Sodium: chloride solution added at the 
place indicated ‘by an arrow. 


Trace after the addition of 50 of water to the circulating fluid and 


~ the subsequent addition of 2 c. c. of sodium. chloride solution 20 ask 
cent. 


and After the snbetitntion of saline solntion for blood mixture. 


Tae: Bh. 


Trace with blood mixture alone. 


B. After the addition of 6 c. c. of 10 per cent. of sodium 
©. After the addition of 9 ¢. c. of sodium chloride solution. a 


After the addition of 12 c.c. of sodium chloride solution. 


After the addition of 14 chloride solution. 


4 


Showing the of water on ventricle the antagonising effect of 
sodium chloride. 


‘Tracing with blood mixture. - 


After substituting water for blood imixture, The arrow indicates the 
time water was substituted for blood. 


After the addition of 2 c. ¢. of 20 per cent. Behe, Se of sodium chloride. 4 
__. The arrow indicates the time the sodium chloride solation was added == 


to the circulating water. 


chloride. 


Effect of further addition of 1 c. c. of 20° per cent. solution of 


Later effect. 
Effect. of another. c..¢, of 20 per cent, ibaa of chloride of sodium, — 


4 c.c. in all; to the 100 c. ¢. of water. The trace well shows the effect 
of sodium chloride solution. in prolonging dilatation. 


of of white of egg mixture.’ “One of white of egg to 


two of water. 


Fre, a. 


Shows the trace with blood mixture, and the effect of replacing this with 
100. ¢. c. of distilled: water, and the effect of adding 8c. c, of 20 per 
_ cent, solution of sodinm ‘chloride; water was sat sige ot 

the sodium chloride solution was added at b. 


Eleven minttes aften the addition of sodium chloride.” 
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“Thirteen after the addition ‘of chloride solution. T then 
replaced the water and saline by bicod‘mixture. 
D. Nine minntes after, substituting blood mixture for the water saline. 
‘Shows the effect tpn eon he ie | trace. 
Fifteen minntes after blood mixture was by saline 

C. Effect of adding 0°7 c. of 1 per cent. solution of ium chloride 
time the chloride was added. 
“Shows the effect of ph; doses of inm chloride onthe laterstages 
of the trace. A contractions were excited by 
. ©. One hundred and ten minutes after substituting saline solution for blood 
mixture, 


D. Immediate effect of adding to the 100 ¢.c. of saline solution 
1c. c. of 1 per cent: solution of potassium chloride. 
Eleven minutes after the addition of potassium chloride. | 
Twenty-two minutes after the addition of potassiam chloride. 

A. Blood replaced at first arrow by 100. c. distilled water containing a 
§ of 10 per cent. solution of potassinm chloride. 
Another e. c. of potassium chloride solution added at second arrow. 
me Two c. c. of potassium chloride. solution (10 per cent.) added at third | 

: 

“| Shows the effect of substituting blood solotion for potassium chloride 

a solution. Blood mixture at arrow 

Shows effect of substituting potassium ‘dhiloride solution for blood . 

mixture. At first arrow 100°c, ¢. 

| __. cent. solution of potassium solution substituted for blood mixture. 

gagond arrow added.5 c. c. of 10 per cent. solution 

A€ third arrow substituted saline Ppotassiam 

Shows the effect: of 100 c. ‘saline ‘containing 0. of 10 per cent. 

solution of potassium: saci “This mixture substituted at arrow. — 
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